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CAUTION 


FAILURE TO OBSERVE THESE IMPORTANT PRECAUTIONS WILL VOID WARRANTY 








Read all material before beginning construction. 
Use ONLY electronic quality rosin core solder. 


Use extreme care with static-sensitive chips to prevent static discharge damage. (These 
chips are inserted in black conductive foam material in your kit.) 


Do NOT plug or unplug boards while power is on. 


Do NOT apply power to any board or circuit before checking each component and 
each trace. 


Do NOT insert chips in socket before all soldering on the board is completed. 
Do NOT use nonstandard parts such as fuses of a higher current rating. 
Do NOT leave out any construction step. 


Use only specified AC power. 


Prevent flat cable end from touching areas of the system that may be carrying 


current. 


Clean unit with soap and water or isopropyl alcohol only to prevent damage to plastic 
components. 


Some repair operations are quite demanding. Do not attempt repairs beyond your 
level of skill to prevent damage to the board or the components. 


Use ONLY a 25 watt electronic soldering iron for assembly of your IMSAI kit. 
Do NOT perform any solder work on a board while power is applied. 

Do NOT plug or unplug a chip from a socket while power is applied. 

Check power supply voltages BEFORE inserting any boards into chassis. 

For all assembled units, read USER GUIDE section for jumpering instructions. 


To register your kit for warranty protection, fill out warranty cards and mail to 
IMSAI. Kits without warranty cards on file are NOT covered by warranty. 
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ERRATA INFORMATION 


Errata information will be found immediately preceeding the section to which the in- 
formation applies and should be used for clarification and/or correction of the section 
indicated. | 


CAUTION: FAILURE TO OBSERVE PERTINENT INFORMATION WHICH IS INCLUDED 
WILL VOID WARRANTY. 
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CUSTOMER SERVICE 


REPLACEMENT PARTS 


If you need a replacement part, use only standard parts from commercial sources. Use of surplus or second-run parts 
will void warranty. If you have trouble locating a part, write IMSAI and include: 


e Part number and description as shown in the parts list. 

e Serial number of cabinet or board name and revision number. 
e Date of purchase. 

e Nature of defect. 


Note: Parts damaged through carelessness or misuse will not be replaced under warranty. 
TECHNICAL CONSULTATION 
Need help with your kit or system? 


We encourage you to call or write IMSAI for assistance with any technical problems (except program debugging and 
“customizing” of hardware for special application, which we will not handle). 


The effectiveness of our technical assistance depends on the information you furnish. Be sure to include: 


Serial number of cabinet and/or board name and revision number. 

Date of purchase. 

Exact description of problem. 

Everything you have done in attempting to correct the problem. 

All switch positions, connections to other equipment, system configuration, operation procedure, voltage 
readings and any other information that you think might be useful. 


Note: Telephone traffic is lightest at midweek. . . please be sure ycur manual and all notes are 5n hand at time of 
call. 


REPAIR SERVICE 
Service facilities are available for both warranty and non-warranty repair work. If this service is desired, send IMSAI: 


Name and address. 

Date of purchase. | 

Copies of all correspondence and notes relevant to the problem. 

A complete description of the problem. 

Authorization to return your kit C.O.D. for service (IF ANY) and shipping charges. 
The equipment to be repaired should be sent to IMSAI well packed. 

The original packing slip number. 
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RAM-16, 32, 65 
Errata 

ECO 77-0105 
22/16/77 


The following modifications need to Бе made if your Dynamic 
RAM board is to be used with the DIO disk interface. These 
changes ensure operability of the RAM refresh logic during 
excessive wait periods caused by the DIO. 


Refer to the following diagram while making the modifications 
listed below. 


C2. 4 


( ) 2. 


C3. X 


( ) 4. 


Cut both traces emanating from pin 12 of 054, solder 
Side of the board. 


Connect with blue wire from pin 13 of U43 to the feed 
through in vicinity of pin 14 of 054. This wire 
re-establishes the original connection between 

U43-13 and edge pin £71. 


Connect with blue wire from pin 12 of U54 to pin 11 
or U55. 


Connect with blue wire pins 12 and 13 of 055 to edge 
pin 27. This edge pin is located on the component side 
of the board. Hence the wire is routed through a feed 
through in the vicinity of edge pin 25, and thence to 
edge pin 27. Note that the wire does NOT make 
electrical contact with edge pin 25. 


Solder end of wire to the "domed" portion of edge 

pin 27. Great caution should be exercised to avoid 
"tinning" of more edge pin area than indicated in the 
following diagram. 


PWAIT (27) 


74LS00 


741502 


74LS20 


RUN 


/STATDSBL 


U55 


741.500 


——- MODIFICATION 
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RAM 16, 32, 65 MODIFICATION 


ECO 77—0105 


Dynamic RAM System 
Errata 
8/19/77 





ERRATA 


NOTE: The following changes will need to be made in your Dynamic RAM System manual, 
including the Assembly Diagrams and Schematics for the RAM-16, 32 and 65 kits. The same 
changes do not apply to each board so check carefully before making the change in your 
documentation. These modifications should be made before assembling your kit to ensure proper 
functioning of your board. 


ASSEMBLY DIAGRAM 





1. In the parts list to the right of the diagram for the RAM-16 and RAM-32, the .1uF, 
30V disk ceramic capacitors should occupy locations C74, C90 thru C92, not C74 thru 
C91. 

2. In the parts list on the RAM-65 Assembly Diagram, the .luF, 30V disk ceramic 
Capacitors should read C74, C90, C91, not C74 thru C91. 

3. In the RAM-16 diagram, change the 22 ohm resistors from R25 thru R31 to read R25 
thru R30. | 

4. Again in the RAM-16 diagram, change the 47K ohm resistor from location R33 to R31. 

SCHEMATIC 

1. On the RAM-16 and 32 schematic parts list, the .1uF, 30V capacitors should read C74, 


C90 thru C92, not C74, C90, C91. 


2. The RAM-16 schematic, concerning the 22 ohm resistors, should read R25 thru R30, 
not R25 thru R31. 


3. Again оп the КАМ-16 schematic, the 47K ohm resistor should be listed at location R31, 
not R33. 














IMPORTANT 


When using the RAM-16, 32 or 65 boards in systems containing IMSAI CPA ог 
IFM boards, several modifications should be noted: 


1. If the CPA board is of revision 4 or earlier, make the changes described 


in ECN 77-0039 which may be found in the Appendix of this manual. 
2. If the IFM board is of revision 6 only, make the changes described in ECN 
77-0038 which may be found in the Appendix of this manual. 


If the IFM board is of an earlier revision than rev. 6, contact IMSAI Sales 
Department for further information. 





IMPORTANT 


When using RAM-65 in conjunction with an Intelligent Memory Manager (IMM) in 


memory configuration exceeding 65K bytes, there are several modifications to be 
made. These modifications need not be made, however, unless the above conditions 
exist. Please refer to the IMM Documentation for the modifications. 
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FUNCTIONAL DESCRIPTION 


RAM=16, 32, AND 65 


FUNCTIONAL DESCRIPTION 


FUNCTIONAL DESCRIPTION :. RAM-16, 32, AND 65 


The IMSAI RAM-16, RAM-32, and RAM 65 comprise a complete line of random 
access memory boards for S100 bus microprocessor systems. They are specifically 
designed to support memory expansion in any multiple of 16K bytes and may be 


used with the Intelligent Memory Manager (IMM) to implement up to a megabyte 
of RAM. 


MEMORY SPECIFICATIONS: Each board, as indicated by its numerical 
designator, provides 16K, 32K, or 65K bytes of dynamic RAM. All boards have 
total access times of 400 ns and a cycle time of 560 ns (max). Refresh circuitry 
is completely self-contained on each board, and refresh processes are completely 
transparent to the CPU (no wait states normally required). 


ADDRESS FLEXIBILITY: To provide fuil address flexibility, the RAM-16, 32 and 
65 boards allow the jumper selection of each 16K block of RAM. This enables any 
16K block to reside in one of four 16K quadrants of a standard 65K memory 
space. 


When memory expansion is implemented with the IMM, similar address freedom 
exists with the exception that all 16K blocks on any one board must reside in the 
same 130K byte segment of the system memory space. 


This inherent freedom of address assignments, facilitates the use of RAM-16, 32 
and 65 with conventional memory boards such as the ІМ5А! RAM-4 and 
RAM—4A. 


MEMORY EXPANSION: If it is desired to increase the system memory space 
beyond the standard 65K byte limit, a single IMM (Intelligent Memory Manager) 
may be used in conjunction with an array of RAM-16!s, RAM-32!s and RAM-65!s 
to implement up to a megabyte of RAM. Use of the IMM board additionally 
enhances the features of the RAM-16, 32, and 65 by providing memory 
management functions, read/write protect, real time and time of day clocks, and 
fully vectored interrupts throughout the full megabyte address space. 


RAM-16, 32, AND 65 
THEORY OF OPERATION 


THEORY OF OPERATION: RAM-16, 32, and 65 


2.0 OVERVIEW 


The ІМ5А! RAM-16, 32 and 65 boards consist of the seven functional 
blocks shown in Figure 1. The three boards are identical with the 
exception of the memory chips, the address decoding and the refresh 
controller chip. 


Since the memory is dynamic, the boards must allow for the resolution 
and execution of refresh as well as read/write cycles. 


Given that the Cycle Control and Timing Logic resolves all conflicts 
between refresh and read/write cycles, we may look at the two types of 
cycles individually to gain a general understanding of of each of the blocks 
of Figure 1. 


2.0.1 REFRESH: Figure 2 depicts those functional blocks which are 
active during a refresh cycle. 


The number of refresh cycles required to completely refresh the memory 


is dependent upon the board. RAM-65 requires 128 cycles, while RAM-16 
and 32 require 64 such cycles. 


Each refresh cycle is initiated by the Refresh Cycie Request Logic and 
occurs at a time which does not interfere with normal CPU operations. 


Once the refresh cycle has been initiated, the Cycle Control and Timing 
logic generates those signals necessary to refresh the addressed segment 
of the memory array. The Address Control Logic supplies the refresh 
address for the memory array and further increments this address with 
each succeeding refresh cycle. 


2.0.2 READ/WRITE: Figure 3 depicts the functional blocks which are 
active during a read/ write cycle. 


КАМ-16, 32, AND 65 
THEORY OF OPERATION 4. 


A CPU access is detected by the Read/Write Cycle Request Logic in 
conjunction with the Board/Bank Select Logic. 


The Cycle Control and Timing Logic then generates the appropriate 
signals to execute the write or read to/from the desired memory 
location. 


During a read/write cycle, the Address Control Logic supplies the 
memory address as required by the Memory Array. 


The actual data transfer between the S100 data bus and the Memory 
Array occurs via the read/write buffers 


2.1 FUCTIONAL BLOCKS 


2.1.1 MEMORY ARRAY: The memory space of each board is divided 
into four banks. This is implemented by organizing the Memory Array 
into four blocks of eight chips, each chip being one bit wide. 


The memory chips used are dependent on the board. RAM-16 uses 
2104A!s, organized as 4Kx1 bit; RAM-32 uses 2108's, organized as 8Kx1 
bit; and КАМ-65 uses 2116!s, organized as 16Kx1 bit. 


All memory chips are dynamic and are internaily organized into rows and 
columns. Refresh and access is accomplished through the use of two 
strobe lines, RAS (Row Address Strobe) and CAS (Column Address 
Strobe). 


Read/write access is achieved with a RAS before CAS cycle. Figure 4 
depicts the process. When a CPU access occurs, the bank in which the 
addressed location lies receives a RAS strobed, row address. All banks 
then receive a CAS strobed, column address. This results in a RAS 
before CAS cycle only in the selected bank. 


Refresh is achieved with a RAS only cycle on all blocks simultaneously. 
This allows for complete refresh in 128 cycles for the ВАМ-65 and 64 
cycles for the RAM-16 and RAM-32, where each cycle consists of a RAS 
strobed, refresh address, which is incremented with each succeeding 
cycle. 
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R AM-16, 32, AND 65 
THEORY OF OPERATION 


2.1.2 BOARD/BANK SELECT LOGIC: The Board/Bank Select Logic 
determines whether the addressed memory location resides on the board 
and if so, in what bank that location lies. 


For all boards, address bits 17 — 19 are decoded at U36 to provide a 
130K segment select when the board is used with the IMM. 


RAM-65 uses one 8205 (U47) to decode address bits 14 — 16, providing 
the four 16K block selects available in the B65 jumper area. RAM-32 
uses one 8205 (047) and a pair of 74LS02's (048) to decode address bits 
13 - 16, providing the four 8K block selects available in the B32 Jumper 
Area. RAM-16 uses two 820515 (047 and 037) to decode address bits 12 
- 16, providing the four 4K block selects available in the B16 Jumper 
Area. 


The block select signals on ail boards are used by the Cycle Control and 
Timing Logic to provide a RAS strobe to the selected block during a 
read/write access cycle. A board is considered selected when any of its 
olock select signals are active. 


2.1.3 ADDRESS CONTROL LOGIC: The Address Control Logic 
multiplexes the row, column and refresh addresses for the Memory Array. 
It takes the low order S100 bus address and provides a row and column 
` address during a read/write access cycle. When refresh occurs, it 
provides an internaily generated refresh address which is incremented at 
the completion of the current refresh cycle. 


The Address Control Logic is contained in a single LSI chip (U9). 
КАМ-65 uses а 3242 and RAM-32 and 16 each use a 3232. An additional 
74500 (U37) is used on the RAM-32 to allow the selection of the 
"useable" half of the 2108 memory chips. Note that the 2108 chips are 
2116's which have only been verified for 8K. 


The row enable and refresh enable inputs of the 3242/3232 chip are driven 
by the ROWENABLE and REFON lines respectively. These signals are 
generated by the Cycle Control and Timing Logic. When REFON is 
active, indicating a refresh cycle in progress, only the jnternally 
generated refresh address is output to the Memory Array. When 
REFON is inactive, indicating a RD/WR cycle in progress, the state of 
the ROWENABLE line determines whether the row or column address is 
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RAM-16, 32, AND 65 


THEORY OF OPERATION 


output to the memory array. 


2.1.4 CYCLE CONTROL AND TIMING LOGIC: The Cycle Control and 
Timing Logic determines the rate at which refresh requests are made, 
and further resolves any conflicts between refresh and read/write cycle 
requests. Once it has accepted a request, it generates the signals 
necessary to execute the selected type of cycle. 


CYCLE CONTROL LOGIC: The cycle control logic is almost entirely 
contained in a single LS! chip, 3222 (058). Requests for cycles are 
initiated by pulling /CYREQ (for read/write cycles) or /REFREQ (for 
refresh cycles) low. This chip resolves any contention between 
simultaneous requests and then triggers the timing generateor by pulling 
[STARCY low. The state of /REFON indicates the type of cycle 
initiated. 


The honored request signal is held active until the timing generator 
returns a /BUSY signal. Further cycle requests are ignored while /BUSY 
is active. 


The 3222 (U58) also contains the refresh timer which generates a /Q 
ouput every 31 usec for RAM-16 and 32, and every 15.5 usec for 
RAM-65. This output is used to control the rate of requests from the 
refresh request logic. 


TIMING GENERATOR: The timing generator consists of an RS latch 
and a tapped delay line (U45 and U46). When a cycle is initiated, the 
[STARTCY signal from the 3222 resets the latch and a high to low 
transition propagates down the first half of the line. This transition is 
inverted at U44-3, and the resulting low to high transition travels along 
the second half of the line. When the transition reaches the 260 ns tap, 
the RS latch is set, and this time a low to high transition propagates 

down the first half of the line. After inversion, the transition propagates 
through the last half of the line to end the cycle. 


For each desired timing signal derived from the timing generator, the 
outputs of two taps are OR'd together. The time position of the earliest 


. tap determines the starting time of the signal. The stopping time is 


determined by the time position of the last tap used plus 260 ns. 


Figures 5 and 6 show the relationships of the timing signals used for 
refresh and read/write cycles. 


U 


ISTARTCY. 


REFRAS 


| | 
| 
| 
| 7721. 
BUSY | | | 
| 
| 
FIGURE5 REFRESH CYCLE TIMING 
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REFRESH CYCLE TIMING: During a refresh cycle, the signal /REFON 
from the 3222 will be low. Similarly, REFON will be high. When refresh 
occurs, REFON is used to drive the REFEN input of the 3232/3242 (U9) 
high to provide a refresh address for the Memory Array. 


/REFON holds the R input to the 3245 (U38) low so that its four 
outputs will either be high or low depending on the state of REFRAS. 
When the timing generator drives REFRAS active, a low /RAS signal is 
sent to all banks. Since TCAS is gated with /REFON, /CAS is prevented 
from reaching the memory array. The result is a RAS only refresh cycle 
on all banks. 


READ/WRITE CYCLE TIMING: During a read/write cycle, REFON 
holds the C input to the 3245 (U38) low. The outputs of the 3245 are 
then determined by the state of TRAS. When the timing generator 
drives TRAS active, the bank select signals from the Board/Bank Select 
Logic will determine which bank receives the active low /RAS signal. 


The ROWEN input of the 3242/3232 (U9) is driven by ROWEN from the 
timing generator. Since the REFEN input will be low during a read/write 
cycle, an active high ROWEN causes a row address to be sent to the 
Memory Array. Similarly, when the timing generator drives ROWEN low, 
a column address will be generated. 


To complete the read/write cycle, the timing generator drives TCAS 
active. Since /REFON is inactive high, /CAS is sent to all memory chips. 
The result is a RAS before CAS cycle on the bank which contains the 
selected memory location. 


POWER-ON CLEAR: An RC circuit and Q2 generates a POCM signal 
when power is applied to the board. This signal is used to force an 
initial /BUSY signal to insure that the 3222 will be ready for the first 
cycle. This signal also turns on Q1 to inhibit system operation until the 
memory board is ready. 


2.1.5 REFRESH CYCLE REQUEST LOGIC: Since the memory chips 
used are dynamic devices, they must be periodically refreshed. The 
Refresh Cycle Request Logic synchronizes the refresh cycles with the 
CPU so that refresh cycles are "hidden" in the T4 state of instruction 
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fetch cycles. Since the CPU is not referencing the memory at that time, 
conflicts between CPU memory references and refresh cycles are 
eliminated. 


The instruction fetch cycles are recognized by SMI being high. This 
signal is AND'd with PDBIN to ensure that the associated read cycle is 
honored first. The remaining logic recognizes "exceptions". When any of 
the "exceptions" exist - CPU stopped (RUN low), DMA in progress 
(/STATDSBLE high), CPU in halt state (SHALTA high), or reset in 
progress (/POC low) - refresh requests are uninhibited just as if an 
instruction fetch were in progress. When a refresh cycle is needed, the 
3222 pulls /Q low. This allows the latch formed by sections of 041 and 
U52 to reset if an "exception" exists or during the next instruction 
fetch cycle. This latch is clocked by 02 of the system clock. 


During DMA operations, read/write and refresh cycles are serviced on a 
"first come, first served" basis. If a refresh cycle is in progress when a 
DMA transaction is initiated, the READY line is pulled low and the DMA 
controller must wait until the refresh cycle is completed and READY 
returns high. This will not affect DMA controllers which are timed for a 
memory access longer than 1 microsecond. 


2.1.6 READ/WRITE CYCLE REQUEST LOGIC: The Cycle Request 
Logic recognizes the combinations of system bus signals which indicate 
the requirement for a memory reference and generates the cycle 
requests as required. CPU memory read requests are detected by latching 
MEMR with the status strobe formed by gating PSYNC and 01. DMA 
read operations are detected by the coincidence of STATDSBL and 
PDBIN. All write operations except front panel deposit are detected by 
/PWR being active. MWRITE is gated with /RUN to detect front panel 
deposits. MWRITE is also gated with /BUSY to ensure that a deposit is 
accomplished even when a buffer refresh is in progress. The output 
buffers of the memory chips are also dynamic and must be periodically 
refreshed when the CPU is stopped during a memory read operation. T his 
is accomplished by following each memory refresh cycle with a memory 
read cycle when the CPU is stopped on a read. If this weren't done, the 
data would "fade", and would not be available for front panel display or 
use by the CPU when it is restarted. All the cycle request decodes are 
OR'd together and used to set the 74L574 cycle request latch (U40). 
This latch can only be set when the board is selected, and it is reset 
during the resulting memory reference cycle. 


During memory write cycles, the write enable latch is set at the 
beginning of the cycle. When the board is used with an IMM controller, 
the write enable latch is inhibited from being set whenever /PS is low. 


$ 
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This is used to implement the write protect function. When the board is 
used without the IMM, the feature is jumper de-selected. 


2.1.7 READ/WRITE BUFFERS: Data is buffered both entering and 
leaving the board. Write data is buffered by 74S04 inverters, read data by 
8T98 inverting bus drivers. The data is stored in memory in 
complemented form. 


NOTE: The 22 ohm resistors in series with the signals going to the 


memory array swamp the "ringing!" which can accompany very high speed 
s witching. 
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| REVISIONS 
LTR | DESCRIPTION APPROVED 
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ORIGINAL REV 1 AR 1 


ALL IC'S IN SOCKETS 







U1 C9 
thru C10 
U8 C41 
U10 C60 
thru C61 | 33uF 
U25 | 2104A-4 C64 
U28 thru 
thru C67 
U35 C21 
U9 3232 C43 
U26 thru 
U27 | 74S04 C58 | .33uF 
U56 C75 
U36 thru 
037 | 8205 C89 
U47 C71 2.2uF 
038 3245 C73 5600pF 
U39 74508 
U40 74574 D | нен 
41 741574 
122. | 8T98 ALL RESISTORS ARE % WATT 
vdd 741504 R1 
U48 thru 
м HAT m 
U45 
U46 9825 thru 22 OHM 
U49 74520 R16 
050 741510 R25 
51 thru 
Б | 741500 831 
052 741502 R9 
054 741520 R10 | 1K 
U57 74500 R24 
U58 3222 518 | NOT USED 
C1 R22 
ee R18  7.32K 
011 агу 110 OHM 
= R23. 4.7K 
022 R32 10K 
1. R33 47K 
C40 
C42 ТОЕ 
с59 
C62 
C63 
C68 
thru 
C70 
C72 
C74 
thru 
C91 
у . у ORP 
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PARTS LIST 


ITEM 





Solder 
Heat Sink 
Screw 

Nut 
Lockwasher 


Resistor 


Resistor 


Resistor 


Resistor 


Resistor 


Resistor 


Resistor 


Capacitor 


Capacitor 
Capacitor 
Capacitor 
Capacitor 


Transistor 


» Regulator 


IMSAI 
PART + 


15-0000001 
16-0100004 
20-3302001 
21-3120001 
21-3350001 


30-2220362 


30- 3110362 


30-4100362 


30-4470362 


30-4732342 


30-5100362 


30-5470362 


32-0556040 


32-2010010 


32-2033010 


32-2202270 


32-2233070 


35-2000002 


36-0780501 


5! 


1 


3 


20 


49 
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RAM- 16 , Rev. 
Parts List 


QUANTITY DESCRIPTION/IDENTIFICATION MARKS 


Thermalloy, 6 Prong 


6-32x5/16" Phillips Pan Head Machine 


6-32 Hex 
#6 Internal Star 


22 Ohm, % Watt, 5% Carbon Film 
(red, red, black) 


110 Ohm, % Watt, 5% Carbon Film 
(brown, brown, brown) 


1K Ohm, % Watt, 5% Carbon Film 
(brown, black, red) 


4.7K Ohm, % Watt, 5% Carbon Film 
(yellow, violet, red) 


7.32K Ohm, х Watt, l% Carbon Film 


lOK Ohm, hà Watt, 5% Carbon Film 
(brown, black, orange) 


47K Ohm, 5 Watt, 5% Carbon Film 
(yellow, violet, orange) 


5600pF, 5%, Mylar, Radial Leads, 
0.50 Spacing 


.luF, 30V Disk Ceramic 
.33uF, 25V Min., Ceramic 
2.2uF, 25V Min., Tantalum 
33uF Tantalum 


2N3904 


+5V 7805/7805CU 


ITEM 





Regulator 
Regulator 
IC Socket 
IC Socket 
IC Socket 
IC Socket 


Socket 
Carrier 


2104A-4 
8T98 
322% 
3232 
3245 


74LS00 


74500 


741502 


741504 
74504 
74508 
741510 
741520 


74520 


IMSAI 


PART # 


36-0790501 
36-0781201 
23-0800001 
23-0800009 
23-0800011 
23-0800012 


23-0900008 


36-0210401 
36-0089801 
3050322201. 
36-0323201 
36-0324501 


36-0740002 


36-0740003 


36-0740202 


36-0740402 
36-0740403 
36-0740803 
36-0741002 
36-0742002 


36-0742003 


l 


i 


38 
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Parts List ш 


QUANTITY DESCRIPTION/IDENTIFICATION MARKS 


-5V 7905/7905CU 
+127 7812/7812CU 
16 Pin, Solder Tail, Low Profile 
14 Pin, Solder Tail, Low Profile 
22 Pin, Solder Tail, Low Profile 
24 Pin, Solder Tail, Low Profile 


Lead Socket Carrier Assembly, 
Augat 716-AG2D 


/D2104A-4 

Tri-State Hex Buffer/N8T98B (Alt: 74368) 
Refresh Controller/B3222 i 
Refresh Controller/D3232 “ 


Memory Driver/D3245 


Quad 2 Input NAND (Low Power Schottky) / 
74LSOON 


Quad 2 Input NAND (Schottky)/74S00N 


Quad 2 Input NAND Open Collector (LPS)/ 
SN74LSO2N or DM74LS92N 


Hex Inverter (LPS)/74LSOAN 

Hex Inverter (Schottky)/SN74S04N 
Quad 2 Input AND (Schottky)/SN74S08N 
Triple 3 Input NAND (LPS)/SN74LS10N 
Dual 4 Input NAND (es Jensen 


Dual 4 Input NAND (Schottky)/DM74S20N 


4 


ITEM 


74LS74 


74874 


8205 


9825 


9828 


745140 


Chapter 


PC Board 


IMSAI 
PART # 
36-0747402 


36-0747403 


36-0820501 


36-0982501 


36-0982801 


36-7414003 


81-0000049 


92-0000055 


i 


RAM-16 Rev. 1 
Parts List 


QUANTITY DESCRIPTION/IDENTIFICATION MARKS 


Dual D Flip Flop Preset and Clear (LPS)/ 


SN74LS74N. 


Dual D Flip Flop Preset and Clear 
(Schottky) /DM74S74N 


1 of 8 Decoder/P8205 


Delay Line/PE9825 
(Alt: Bel Fuse 0404-1064-01) 


Delay Line/PE9828 
(Alt: Bel Fuse 0404-1148-01) 


Dual 4 Input NAND Driver (Schottky) / 
F74S140 


Dynamic RAM System 


RAM-16, Rev. 1 


RAM-16, REV.1 
ASSEMBL Y INSTRUCTIONS 


ASSEMBLY INSTRUCTIONS: RAM-16 
PART I: INITIAL ASSEMBLY 


Unpack your board and carefully check all parts against the parts list 
enclosed in the package. If a discrepancy occurs, contact the !MSAI 
Customer Service Department. 


If the gold contacts on the edge connector of the PC board appear to be 
oxidized, use a pencil eraser to clean the contacts. 


NOTE: Do not use Scotchbright or any abrasive material as it will 
remove the gold plating. 


RESISTOR INSTALLATION 


() 3. 
Insert and solder the twenty 22 ohm, 1/4 watt resistors (red, red, black) 
in the following locations as shown on the Assembly Diagram. 


() RI () R6 () R13 ( ) R26 


() R2 ( () R14 () R27 


() R4 () R11 () R16 () R29 


) 27 

() 83 () R8 () RIS () R28 
() 

() R5 () #12 ( ) #25 ( ) R30 
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Insert and solder the three 1K ohm, 1/4 watt resistors (brown, black, 
red) in locations R9, R10 and R24 as shown on the Assembly Diagram. 


Insert and solder the one 7.32K ohm, 1/4 watt resistor (7321, 1% 
precision) in location R18 as shown on the Assembly Diagram. 


Insert and solder the two 110 ohm, 1/4 watt resistors (brown, brown, 
brown) in locations R20 and R21 as shown on the Assembly Diagram. 


Insert and solder the one 4.7K ohm, 1/4 watt resistor (yellow, violet, 
red) in location R23 as shown on the Assembly Diagram. 


Insert and solder the one 10K ohm, 1/4 watt resistor (brown, black, 


orange) in location R32 as shown on the Assembly Diagram. 


Insert and solder the one 47K ohm, 1/4 watt resistor (yellow, violet, 


orange) in location R31 as shown on the Assembly Diagram. 


SOCKET INSTALLATION 


() 10. 


Insert and solder six 16 pin DIP sockets in the following locations as 
shown on the Assembly Diagram. Note that pin 1 on these sockets faces 
down towards the board edge connector. 

()U36 () U42 

()U37 () 047 


() U38 () 053 


4 
la 
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ASSEMBLY INSTRUCTIONS 


() 11. 
Insert and solder thirty-two 16 pin DIP sockets in the following locations 
as shown on the Assembly Diagram. Note that pin 1 on these sockets 
faces UP towards the top edge of the board. 


« 


U15 () U23 () U33 


() Ul (у U10 () U18 () 028 

()U2 () U11 ( ) U19 ( ) 29 

) оз () U12 () U20. ( ) U30 

y U4 () U13 () 021 ( ) U31 

) US () 014 ( ) U22 ( ) U32 
) 


) U7 () U16 () U24 ( ) U34 
) U8 () U17 () 025 () U35 


( ) 12. 
Insert and soider the eighteen 14 pin DIP sockets in the following 
locations as shown on the Assembly Diagram. Note that pin 1 on these 
sockets faces down towards the board edge connector. 
() 026 () 041 () U48 ( ) 954 
() U27 () 043 () U49 () 055 
() U39 () U44 () USO ( ) 56 
()U40 () U45 () U51 () 057 
() U46 () US2 
() 13. 


Insert and soider the one 22 pin DIP socket at location U58 as shown on 
the Assembly Diagram. Note that pin 1 faces down. 


( ) 14. 
Insert and solder the one 24 pin DIP socket at location U9 as shown on 
the Assembly Diagram. Note that pin 1 is in the lower left corner of 
position U9. 
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ASSEMBLY INSTRUCTIONS 


oer 
| Insert and solder the lead sockets into the pads on the A16, B16, PH and 
WP Jumper Areas. The socket carriers may be used for support while the 
sockets are being soldered into place. Refer to the Assembly в to 
locate the Jumper Areas. 


CAPACITOR INSTALLATION 


( ) 16. 

Insert and solder thirty-three O.luF capacitors in the following 
locations as shown on the Assembly Diagram. 

(СТ. CIE ()CI9 .() CB3 

1162 Гры (310200) C68 

ССЗ {C13 [1630 1) 669 

() C4 () C14 () C31 () C70 

(Са 1.) I5 137640 (4106/2 

()C6 ()С16 ()С42 ( ) C74 

(C7 {117 11659 1 C90 

() C8 ()C18 ()C62 ( ) C91 

() C92 
[ ) 17. 
Insert and solder the sixteen pairs of 0.1uF-0.33uF capacitors in the 
following locations as shown on the Assemby Diagram. Insert both 
capacitors in each pair BEFORE soldering. Use extreme caution when 
handling the 0.33uF monolithic capacitors as the leads are easily broken. 
0.33uF 0.1luF 0.33uF O.luF 
() C21 - C22 () C82 - C32 
() C75- C23 () C83 - C33 


() C76-C24 () C84- C34 


RAM-16, REV. 1 
ASSEMBLY INSTRUCTIONS 


[) C77 = CZ [) C85 — C35 
() C78-C26 () C86 - C36 
() C79 - C27 () C87- C37 
() C80 - C28 () C88 - C38 
() C81 - C29 () C89 - C39 
() 18. 
Insert and solder the remaining sixteen 0.33uF monolithic capacitors in 


the following location as shown on the Assembly Diagram. Use extreme 
caution when handling these capacitors as the leads are easily broken. 


()C43 () C47 (уся (74255 
() C44 ()C48 ()C52 () C56 
() C45 () C49 () C53 ( ) C57 
() C46 ()C50 () C54 ( ) C58 
( ) 19. 
Insert and solder the nine 33uF capacitors in the following locations as 


shown on the Assembly Diagram. Insure that the "+" terminals of the 
capacitors match the "+" markings on the board. 


()C9 ()C60 () C65 
()C10 () C61 () C66 
() C41 () C64 () C67 


Insert and solder the one 2.2uF capacitor in location C71 as shown on 
the Assembly Diagram. Insure that the "+" terminal of the capacitor 
matches the "+" marking on the board. 


( ) 21. 
Insert and solder the one 5600pF capacitor in location C73 as shown on 
the Assembly Diagram. 


3-13 


3-14 


RAM-16, REV. 1 
. ASSEMBLY INSTRUCTIONS 


TRANSISTOR INSTALLATION 


() 2. 
Insert and solder the two 2N3904 transistors in locations Q1 and Q2 as 
shown on the Assembly Diagram. Note that the emitter, flat side, of QT 
should point towards the lower left corner of the Q1 mounting area. The 
emitter, flat side, of Q2 should face the upper right corner of the Q2 
mounting area. | 


REGULATOR AND HEAT SINK INSTALLATION 


() 23. 
Bend the leads of the 7905 regulator at 90 degree angles from the 
mounting plane of the device. The bends should be made down, away from 
the side bearing the device number and should allow the device to be 
aligned with the mounting hole and lead pads at the 7905 board location 
shown on the Assembly Diagram. When the bends have been made, set 
the device aside. 


NOTE: One way to accomplish this is to place the lettered side of the 
device FACE DOWN against the board at the 7905 location shown on the 
Assembly Diagram. Align the device so that the mounting hole is 
centered and the three device leads cross directly over the lead solder 
pads. While holding the body of the device firmly in place, carefully bend 
each lead at a 90 degree angle, UP, away from the board with a pair of 
needienose pliers. Each bend must be made so that the axis of a bent lead 
coincides with the axis drawn through the appropriate board mounting 
pad. 


( ) 24. 
Bend the leads of one 7805 and one 7812 regulator at 90 degree angles 
from the mounting plane of the devices. The bends should be made away 
' from the side bearing the device number and shouid allow the device to 
be aligned with the mounting hole and lead pads at the appropriate board 
locations shown on the Assembly Diagram. When the bends have been 
made, set the devices aside. 


NOTE: This may be accomplished by following the procedure outlined in 
the NOTE of Step 23 using the 7805 and 7812 locations for alignment. 


( ) 25. 
Insert the 7905 regulator at the board location shown on the Assembly 


a 


ASSEMBLY INSTRUCTIONS 


Diagram. Then insert one #6-32x3/8" pan head screw through the 
mounting hole from the top of the board. Fasten in place with one 76 
lockwasher and one nut. When alignment is correct, solder the leads of 
the device in place. 


26. 

L Place and align one heat sink at the 7805-7812 mounting area as shown on 
the board photos. Then insert the 7805 regulator at the location shown on 
the Assembly Diagram (left side of the heat sink). Insert one 6-32x3/8" 
screw through the mounting hole from the top of the board. Fasten in 
place with one #6 lockwasher and one nut. Verify that none of the leads 
of the device touch the heat sink. If alignment is correct, solder the leads 
in place. 


()27. 
Insert the 7812 regulator at the location shown on the Assembly Diagram 
(right side of heat sink). Insert one ¡6-32x3/8" screw through the 
mounting hole from the top of the board. Fasten in place with one 79 
lockwasher and one nut. Verify that none of the leads of the device 
touch the heat sink. № alignment is correct, solder the leads in place. 


PART Il: FINAL ASSEMBLY AND TESTING 


The following sections of the Assembly Instructions intersperse testing with final 
assembly. !f a problem arises in any phase of testing, it must be corrected 
before continuing, or damage may result. 


If you feel confident in using the schematics and Theory of Operation as 
references, we have included suggested points to check in locating the problem. 


If you need further assistance in locating a problem, call or write IMSAI 
Customer Service before proceeding. 


Initial Testing 


To proceed with the initial testing, you wiil need the following equipment: 
1. 8080 mainframe (MPU and CPA only); 
2. Volt/ohm meter ( or other voltage measuring device) and 
3. Extender card. 


( ) 28. 
Visually inspect the solder side of the board for any solder crosses or 
unsoldered pins. Since 7596 of all board failures are due to soldering 
faults, it is to your advantage to check the board at this time. 
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() 31. 


(1:32: 


ASSEMB LY INSTRUCTIONS 


Insure that none of the IC's are installed. Then plug the board into the 
mainframe using an extender card, if available. 


Apply power and check the regulator outputs with respect to the signal 
ground plane: 


Top pin of 7905: -5.0 VDC +/-0.25 VDC 
Bottom pin of 7805: +5.0 VDC +/-0.25 VDC 
Top pin of 7812: +12.0 VDC +/-0.5 VDC 


If the voltages are correct, proceed with Step 31. If the voltages do not 
check out, the problem must be corrected before continuing or damage 
will result. 


If a particular voltage does not check out: 


1. 

Check the input lead of the regulator in doubt with respect to 
ground. The middle pin of the 7905 should be approximately -16V 
+/-10%. The top pin of the 7805 should be approximately +8V 
+/-10%. The bottom pin of the 7812 should be approximately +16V 
+/-10%. If the correct input voltage is not present, check the 
edge connector contacts and clean if necessary. Check for 
continuity of the input power trace. Check/resolder the regulator 
leads. | 


2. 
If the input voltages check out, but the correct output voltage is 
not present, check for solder shorts along the appropriate power 
trace. Check/resolder the regulator leads. If the voltages still do 
not check out, replace the regulator in doubt. You may call/write 
the IMSA! Customer Service Department for an appropriate 
replacement at no charge. 


Check for -5.0 +/-0.25 VDC at pin 1 of all 2104А-4 sockets (locations 
01-08, 010-025 and U28-U35). 


If the correct voltage is not present, check for continuity of thé -5V 
power traces. 


Check for 45.0 +/-0.25 VDC at pin 9 of all 2104A-4 sockets (locations 
U1-U8, 010-025 and U28-U35). 


If the correct voltage is not present, check for continuity of the +5V 
power traces. 


~ 


() 33. 


() 35. 
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Check for +12.0 +/-0.50 VDC at pin 8 of all 2104A4 sockets (locations 
U1-U8, U10-U25, and U28-U35). à 


If the correct voltage is not present, check for continuity of the +12 Y 
power traces. 


Check for 0 VDC (open) at pins 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14 and 15 
of U1, U10, U18 and U28. | 


If the correct voltage is not present, check for solder shorts at the 
appropriate pin. | 


Remove power and remove the board from the mainframe. Check for 
continuity to ground at pin 16 of all 2104А-4 sockets (locations 01-08, 
U10-U25 and U28-U35). 


If ail initial tests check out, proceed with Step 36. Problems arising in 
the initial test phase must be corrected before continuing or damage will 
result. 


IC INSTALLATION 


( ) 36. 


() 37. 


Insert опе 2104A-4 in the socket at location Ul as shown on the 
Assembly Diagram. Note that pin 1 is up. DO NOT insert the remaining 
2104А-4 chips at this time. 


Insert one 3232 in the socket at location U9 as shown on the Assembly 
Diagram. Note that pin 1 is in the lower left corner of the U9 mounting 
area. 


Insert three 74S04 IC's in the sockets at locations U26, U27 and U56 as 
shown on the Assembly Diagram. Note that pin 1 on these IC's is down. 


Insert three 8205 IC's into the sockets at locations U36, U37 and U47 as 
shown on the Assembly Diagram (pin 1 down). 


Insert two 74LSO4 IC's into the sockets at locations U48 and U43 as 
shown on the Assembly Diagram (pin 1 down). 


Insert one 3245 IC into the socket at location U38 as shown on the 
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() 42. 


() 49. 


( ) 50. 


( ) 51. 


( ) 52. 


() 53. 


RAM-16, REV. 1 
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Assembly Diagram (pin 1 down). 


Insert one 74S08 IC into the socket at location U39 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 74S74 IC into the socket at location U40 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 74LS74 IC into the socket at location U41 as shown on the 
Assembly Diagram (pin 1 down). 


Insert two 8T98 (or 74368) IC's into the sockets at locations U42 and 
U53 as shown on the Assembly Diagram (pin 1 down). 


Insert one 745140 IC into the socket at location U44 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 9828 Delay Line into the socket at U45 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 9825 Delay Line into the socket at location U46 as shown on 
the Assembly Diagram (pin 1 down). 


Insert one 74S20 into the socket at location U49 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 74LS10 into the socket at location U50 as shown on the 
Assembly Diagram (pin 1 down). 


Insert two 74LSOO IC's into the sockets at locations U51 and U55 as 


shown on the Assembly Diagram (pin 1 down). 


Insert one 74LSO2 IC into the socket at U52 as shown on the Assembly 
Diagram (pin 1 down). 


Insert one 74LS20 IC into the socket at location U54 as shown on the 
Assembly Diagram (pin 1 down). 


( ) 54. 


( ) 55. 
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~ 


Insert one 74500 IC into the socket at location U57 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 3222 IC into the socket at location U58 as shown on the 
Assembly Diagram (pin 1 down). 


PRELIMINARY FUNCTIONAL TEST 


() 56. 


() 57. 


() 58. 


() 59. 


Using the Assembly Diagram as a guide, verify that all IC's (except the 
31 remaining 2104A-4!s) have been inserted into the correct locations. 
Verify the orientations of all pin 1's and insure that the pins of each IC 
are correctly seated in the socket. Many problems which arise may be 
traced to an IC in the wrong location, an IC inserted upside down or ап 
IC not correctly seated in the socket. Therefore, a thorough check of 
the board at this time is required. Note that an IC pin bent under is not 
readily apparent. 


Configure the A16, B16, WP and PH jumpers as shown in Figure 1. 


Insert the RAM-16 board into the 8080 mainframe and apply power. Make 
certain no other memory boards are in the chassis. 


NOTE: The CPA board in the mainframe must have the modification 
shown in the Appendix, ECN 77-0039, if it is of Revision 4 or earlier. 


Reset the CPU, and confirm that the CPU is stopped at address 0000H. 
Verify that data bit O is a "1" and all other bits "0", 


If correct operation is verified, proceed to Step 60. If an error is 
detected, the problem must be corrected before continuing. 


The following points may prove to be helpful in locating the problem. 


а, 
- Check for solder shorts in traces leading to/from U28-14, 42-2 
and U42-3. 


b. 
With the CPU stopped at address OOOOH, verify that U42-1 is at 
a low (0 V) level. If not, check the /DOSEL signal originating at 
U57-11. It should also be low. U57-12 and U57-13 should both be 
at high levels (3.3 VDC). № U57-12 is not high, recheck the A65 
and B65 jumper areas. Check the board select circuitry at U49 
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Co 
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and U47 (reference the Theory of Operations and schematics to 
understand the correct operation of BDSEL. ` 


Replace U28 and U42 to determine if a defective chip is causing 
the problem. Insure that U28 pin 1 is up and U42 pin 1 is down. 


If bits 1-7 are not "1" with the CPU stopped at 0000H, check 
for solder shorts at 2104А-4 рт 1415. 


Check the Address Control Circuitry at U9. Verify that the 
address 0000 is being sent to U28 at access time. Reference the 
Theory of Operations and schematics. 


Check the Cycle Control and Timing logic to determine if refresh 
and access cycles are occurring at the proper times. Reference 
the schematics and Theory of Operations. 


With the CPU stopped at address 0000H, verify that O's and 1's can be 
deposited in bit O. 


If correct operation is verified, proceed with Step 61. If an error is 
detected, the problem must be corrected before continuing. 


The following points may prove to be helpful in locating the problem. 


ae 


b. 


Co 


de 


Check jumper WP. 


Check for solder shorts on traces leading to or from U28-2, 
U26—8 and U26-9.. 


With a logic probe or scope, check for the occurrence of a /WE 
pulse at U42-11 and U28-3 when a deposit is made. /WE will be a 
low going pulse. 


If the pulse is not present, check the write enable circuitry using 


the Theory of Operation and schematics for reference. 


Replace U28 and U26 to determine if these chips are defective. 
Insure that U28 pin 1 is up and U26 pin 1 is down. 


() 61. 


ASSEMBLY INSTRUCTIONS 


With the CPU stopped at address O800H, verify that bit O is O and bits 
1-7 are 1's. Further verify that 1's and O's can be deposited into bit 0. 


If correct operation is verified, proceed with step 62. To correct a 
problem, the following points may prove helpful. 


de 
Replace U28 to determine if the chip is defective. 


be | 

Check the Address Control logic at U9 to verify that the address 
0800H is being sent to U28 at access time. Reference the 
Theory of Operations and schematics. 


MEMORY INSTALLATION 


() 62. 


FINAL 


() 63. 


Insert the remaining 31 2104А-4 IC's into the appropriate locations as 
shown on the Assembly Diagram. Insure that pin 1 on all 2104A-4!s faces 
ур. 


() U1 () U10 () U18 () U29 
() U2 () U11 ( ) U19 () U30 
() U3 () 012 ( ) 020 ( ) U31 
(j U4 () Ul3 () 021 ( ) 932 
()US () U14 ( 022 ( ) U33 
() 96 () U15 () 023 ( ) U34 
() U7 () U16 () U24 ( ) U35 
() U8 () U17 () U25 


FUNCTIONAL TESTING 


If an IMSAI Floppy Disk System and 16K CP/M Version 1.31 Rev. 2 or 
later are available, proceed to test the board using SHAKDOWN. Make 
certain that no other memory boards in the chassis are addressed to 


occupy 0000H to 3FFFH. Confirm that memory through 3FFF is 


verified. 


Q 
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The IFM board must have the modification shown in the Appendix, ECN 
77-0038, if it is of Revision 6. For earlier revision IFM boards, contact 
the IMSAI Sales Department for retrofit information. 


If a problem arises, the following points may prove helpful in locating the 
problem. 


ae 
If the system will not boot, check for control of all bits from the 
front panel with the CPU stopped at address 0000H. 


If you have control and the system will not boot, change the B16 
jumper to the configuration shown in Figure 2. Insert known good 
memory boards in the chassis, addressed to occupy the area from 
0000H-3FFFH. The RAM-16 will now occupy the area from 
4000H-7FFFH. Retry SHAKDOWN using the error messages 
obtained to locate the problem. 

If you do not have control (using the deposit function), check the 
points listed in Step 60 for all 2104А-4 IC's (Step 60 is concerned 
with U28 only ). 


b. 
Once an error has been detected by SHAKDOWN, use the 
information given by SHAKDOWN along with the schematics and 
Theory of Operation to troubleshoot the board. lf you do not 
feel confident in troubleshooting, call or write IMSAI Customer 
Service for assistance. 
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Solder 
Heat Sink 
Screw 

Nut 
Lockwasher 


Resistor 
Resistor 
Resistor 


y. 


Resistor 


Resistor 
Resistor 
Capacitor 


Capacitor 
Capacitor 
Capacitor 
Capacitor 
Transistor 


Regulator 


IMSAI 
PART + 


15-0000001 
16-0100004 
20-3302001 
21-3120001 
21-3350001 


30-2220362 
30-3110362 
30-4100362 
30-4470362 


30-4732342 


30-5100362 
30-5470362 
32-0556040 


32-2010010 
32-2033010 
32-2202270 
32-2233070 
35-2000002 


36-0780501 


5! 
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ВАМ-32, Rev. 1 


Parts List 


QUANTITY DESCRIPTION/IDENTIFICATION MARKS 


Thermalloy, 6 Prong 

6-32x5/16" Phillips Pan Head Machine 
6-32 Hex 

#6 Internal Star 


22 Ohm, 4 Watt, 5% Carbon Film 
(red, red, black) 


110 Ohm, % Watt, 5% Carbon Film 
(brown, brown, brown) 


1K Ohm, м Watt, 5% Carbon Film 
(brown, black, red) 


4.7K Ohm, х Watt, 5% Carbon Film 
(yellow, violet, red) 


7.32K Ohm, % Watt, 1% Carbon Film 


10K Ohm, % Watt, 5% Carbon Film 
(brown, black, red) 


47K Ohm, à Watt, 5% Carbon Film 
(yellow, violet, orange) 


5600pF, 5%, Mylar, Radial Leads, 


0.50 Spacing 

.luF, 30V disk Ceramic 
.33uF, 25V Min., Ceramic 
2.2uF, 25V Min., Tantalum 
33uF Tantalum 

2N3904 


+5V 7805/7805CU 


ITEM 

Regulator 
Regulator 
IC Socket 
IC Socket 
IC Socket 
IC Socket 


Socket 
Carrier 


2108-A 


8T98 
3222 
3232 
3245 


741500 


74500 


741,502 


741504 
74504 
74508 


741510 


741520 


PART # 


IMSAI 


36-0781201 


36-0790501 .: 


23-0800001 
23-0800009 
23-0800011 
23-0800012 


23-0900008 


36-0210801 


36-0089801 
36-0322201 
36-0323201 
36-0324501 


36-0740002 


36-0740003 


36-0740202 


36-0740402 
36-0740403 
36-0740803 


36-0741002 


36-0742002 
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RAM-32, Rev. 1 


Parts List « 


QUANTITY DESCRIPTION/IDENTIFICATION MARKS 


+12v 7812/7812CU 
-5V 7905/MC7905CP 
16 Pin, Solder Tail, Low Profile 
14 Pin, Solder Tail, Low Profile 
22 Pin, Sclder Tail, Low Profile 
24 Pin, Solder Tail, Low Profile 


Lead Socket Carrier Assembly, 
Augat 716-AG2D 


High Address Memory Chip (Alt: S-1627) 

(NOTE: These may be substituted with 

Low Address Mode, #36-0210802, Alt: 

S-1626. It is imperative that all are 

of the same mode on each board.) 

Tri-State Hex Buffer/N8T98B (Alt: 74368) “ 
Refresh Controller/B3222 

Refresh Controller/D3232 


Memory Driver/D3245 


Quad 2 Input NAND (Low Power Schottky) / 
SN74LSOON 


Quad 2 Input NAND (Schottky) /5М74500М 


Quad 2 Input NAND Oper collector (LPS)/ 
SN74LSO2N or DM74LSO2N 


Hex Inverter (LPS)/74LS04N 
Hex Inverter (Schottky)/SN74S04N 
Quad 2 Input AND (Schottky)/SN74S08N 


Triple 3 Input NAND (LPS) /SN74LS10N 


Dual 4 Input NAND (LPS)/ SN74LS20N 


| | RAM-32, Rev. 1 
з Parts List 


IMSAI 

ITEM PART # QUANTITY DESCRIPTION/IDENTIFICATION MARKS 

74820 36-0742003 1 Dual 4 Input NAND (Schottky) /DM74S20N 

74LS74 36-0747402 1 Dual D Flip Flop Preset and Clear (LPS)/ 
SN74LS74N 

74S74 36-0747403 1. Dual D Flip Flop Preset and Clear 
(Schottky) /DM74S74N 

8205 36-0820501 2 l of 8 Decoder/P8205 

9825 36-0982501 1 Delay Line/PE9825 
(Alt: Bel Fuse 0404-1064-01) 

9828 36-0982801 1 Delay Line/PE9828 
(Alt: Bel Fuse 0404-1148-01) 

745140 36-7414003 E Dual 4 Input NAND Driver (Schcttky) / 
F74S140 or SN74S140N 

Chapter 81-0000049 1 Dynamic RAM System 

” РС Board 92-0000054 4 RAM-32, Rev. 1 


RAM-32, REV. 1. 
ASSEMBLY INSTRUCTIONS 


ASSEMBLY INSTRUCTIONS: RAM-32 


PART I: INITIAL ASSEMBLY 


Unpack your board and carefully check all parts against the parts list 
enclosed in the package. If a discrepancy occurs, contact the !М5А! 
Customer Service Department. 


If the gold contacts on the edge connector of the PC board appear to be 
oxidized, use a pencil eraser to clean the contacts. 


NOTE: Do not use Scotchbright or any abrasive material as it will 
remove the gold plating. 


RESISTOR INSTALLATION 


() 3. 
Insert and solder the twenty-one 22 ohm, 1/4 watt resistors (red, red, 
black) in the following locations as shown on the Assembly Diagram. 


() RI () 86 () RI3 ( ) R26 
()R2 () R7 () R14 () R27 
() R3 () R8 () R15 () R28 
() R4 () R11 () R16 ( ) R29 
() R5 () #12 ( ) R25 () R30 


( ) R31 
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RAM-32, REV. 1. 
ASSEMBLY INSTRUCTIONS 


Insert and solder the three 1K ohm, 1/4 watt resistors (brown, black, 
red) in locations R9, R10 and R24 as shown on the Assembly Diagram. 


Insert and solder the one 7.32K ohm, 1/4 watt resistor (7321, 1% 
precision) in location R18 as shown on the Assembly Diagram. 


Insert and solder the two 110 ohm, 1/4 watt resistors (brown, brown, 
brown) in locations R20 and R21 as shown on the Assembly Diagram. 


Insert and solder the one 4.7K ohm, 1/4 watt resistor (yellow, violet, 
red) in location R23 as shown on the Assembly Diagram. 


() 8. | 
Insert and solder the one 10K ohm, 1/4 watt resistor (brown, black, 
orange) in location R32 as shown on the Assembly Diagram. 


Insert and solder the one 47K ohm, 1/4 watt resistor (yellow, violet, 
orange) in location R33 as shown on the Assembly Diagram. 


SOCKET INSTALLATION 


( ) 10. 

Insert and solder five 16 pin DIP sockets in the following locations as 
shown on the Assembly Diagram. Note that pin 1 on these sockets faces. 
down towards the board edge connector. 

()U36 ()U42 
() 938 ()U47 


( ) U53 


? 


( ) 11. 


‘eure 


() 13. 


() 14. 


ASSEMBLY INSTRUCTIONS 


Insert and solder thirty-two 16 pin DIP sockets in the following locations 
as shown on the Assembly Diagram. Note that pin 1 on these sockets 
faces UP towards the top edge of the board. 


() U1 () ио () UNS () U28 
(yu () UN () UY () U 
() U3 ()U12 ( ) 020 ( ) U30 
() ш () U13 () U21 () U31 
() US () U14 () 922 () 032 
() U6 () 015 () 023 ( ) U33 
() 97 () U16 () U24 () U34 
() 08 () UIT () 025 () 035 


Insert and solder the nineteen 14 рт DIP sockets in the following 
locations as shown on the Assembly Diagram. Note that pin 1 on these 
sockets faces down towards the.board edge connector. 


() 026 () 041 () U48 () 954 
() 027 () U43 () U49 () 055 
() 937 ( 


044 () USO () U56 


) 
() U39 () 045 () U51 () 057 
) 


44 
() U40 () U46 () 952 


Insert and solder the one 22 pin DIP socket at location 058 as shown on 
the Assembly Diagram. Note that pin 1 faces down. 


Insert and solder the one 24 pin DIP socket at location U9 as shown on 
the Assembly Diagram. Note that pin 1 is in the lower left corner of 
position U9. 


dtt 


RAM-32, REV. 1 | 
ASSEMBLY INSTRUCTIONS 


[) 15. 
Insert and solder the lead sockets into the pads of the A32, B32, HL, PH 
and WP Jumper Areas. The socket carriers may be used for support while 
the sockets are being soldered into place. Refer to the Assembly Diagram 
to locate the Jumper Areas. 


CAPACITOR INSTALLATION 


( ) 16. | 
Insert and solder thirty-three O.luF capacitors in the following 
locations as shown on the Assembly Diagram. 
() Cr (ГУСТЕ [3 619. 12663 
(1602 [)CI2 (у C20 (1 Ces 
(С (163 132620 (] COS 
()C4 () C14 ()C31 () C70 
(165 {JCI T) C40 Г) €72 
() C6 ()C16 ()С42 () C74 
(CI. PCW 132659. 13) C90 
(СЕ ()€18 ()€62 ( ] СӘ! 
()C92 
() 17. 
Insert and solder the sixteen pairs of O.luF-0.33uF capacitors in the 
following locations as shown on the Assembly Diagram. Insert both 
capacitors in each pair BEFORE soldering. Use extreme caution when 
handling the 0.33uF monolithic capacitors as the leads are easily broken. 


0.33uF O.luF  0.33uF O.luF 
Cy Cot CO (J 682-03 


412 


() C5-C3 () C83- C33 
() C76-C24 () C84- C34 
() C77-C25 () C85- C35 
() C78 - C26 () C86- C36 
(y сост -() CHI — C97 
() C80-C28 () C88- C38 
() C81- C29 () C89- C39 


RAM-32, REV. 1 
ASSEMBLY INSTRUCTIONS 


( ) 18. 
Insert and solder the remaining sixteen 0.33uF monolithic capacitors in 
the following location as shown on the Assembly Diagram. Use extreme 
caution when handling these capacitors as the leads are easily broken. 
()C43 ()C47 ()C51 () C55 
()C44 ()C48 () C52 ( ) C56 
()C45 ()C49 () C53 () C57 
()C46 ()С50 ( ) C54 ( ) C58 
( ) 19. | 
Insert and solder the nine 33uF capacitors in the following locations as 


shown on the Assembly Diagram. Insure that the "+" terminals of the 
capacitors match the "+! markings on the board. 


()C9 () C60 () C65 
() C10 ()C61 () C66 
() C41 ( ) C64 () C67 
() 20. 
Insert and solder the one 2.2uF capacitor in location C71 as shown on 


the Assembly Diagram. Insure that the "+" terminal of the capacitor 
matches the "+" marking on the board. 


Insert and solder the one 5600pF capacitor in location C73 as shown on 
M the Assembly Diagram. 
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RAM-32, REV. 1 
ASSEMBLY INSTRUCTIONS 


TRANSISTOR INSTALLATION 


() 2. | 
Insert and solder the two 2N3904 transistors in locations Q1 and Q2 as 
shown оп the Assembly Diagram. Note that the emitter, flat side, of Q1 
should point towards the lower left corner of the Q1 mounting area. The 
emitter, flat side, of Q2 should face the upper right corner of the Q2 
mounting area. 


REGULATOR AND HEAT SINK INSTALLATION 


() 3. 
Bend the leads of the 7905 regulator at 90 degree angles from the 
mounting plane of the device. The bends should be made down, away from 
the side bearing the device number and should allow the device to be 
aligned with the mounting hoie and lead pads at the 7905 board location 
shown on the Assembly Diagram. When the bends have been made, set 
the device aside. 


NOTE: One way to accomplish this is to place the lettered side of the 
device FACE DOWN against the board at the 7905 location shown on the 
Assembly Diagram. Align the device so that the mounting hole is 
centered and the three device leads cross directly over the lead soider 
pads. While holding the body of the device firmiy in place, carefuily bend 
each lead at a 90 degree angie, UP, away from the board with a pair of 
needlenose pliers. Each bend must be made so that the axis of a bent lead 
coincides with the axis drawn through the appropriate board mounting 
pad. 


( ) 24. 
Bend the leads of one 7805 and one 7812 regulator at 90 degree angies 
from the mounting plane of the devices. The bends should be made away 
from the side bearing the device number and should allow the device to 
be aligned with the mounting hole and lead pads at the appropriate board 
locations shown on the Assembly Diagram. When the bends have been 
made, set the devices aside. 


NOTE: This may be accomplished by following the procedure outlined in 
the NOTE of Step 23 using the 7805 and 7812 locations for alignment. 
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RAM-32, REV. 1 
ASSEMBLY INSTRUCTIONS 


25. 

0) Insert the 7905 regulator at the board location shown on the Assembly 
Diagram. Then insert one #6-32x3/8" pan head screw through the 
mounting hole from the top of the board. Fasten in place with one 76 
lockwasher and one nut. When alignment is correct, solder the leads of 
the device in place. 


Place and align one heat sink at the 7805-7812 mounting area as shown on 
the board photos. Then insert the 7805 regulator at the location shown on 
the Assembly Diagram (left side of the heat sink). Insert one #6-32x3/ 8" 
screw through the mounting hole from the top of the board. Fasten in 
place with one #6 lockwasher and one nut. Verify that none of the leads 
of the device touch the heat sink. If alignment is correct, solder the leads 
in place. 


( ) 27. 
Insert the 7812 regulator at the location shown on the Assembly Diagram 
(right side of heat sink). Insert one #6-32x3/8" screw through the 
mounting hole from the top of the board. Fasten in place with one #6 
lockwasher апа one nut. Verify that попе of the leads of the device 
touch the heat sink. If alignment is correct, solder the leads in place. 


PART Il: FINAL ASSEMBLY AND TESTING 


The following sections of the Assembly Instructions intersperse testing with final 
assembly. If a problem arises in any phase of testing, it must be corrected 
before continuing, or damage may result. 


If you feel confident in using the schematics and Theory of Operation as 
references, we have included suggested points to check in locating the problem. 


If you need further assistance in locating a problem, call or write IMSAI 
Customer Service before proceeding. 


Initial- Testing 


To proceed with the initial testing, you will need the following equipment: 
1. 8080 mainframe (MPU and CPA only); 
2. Volt/ohm meter ( or other voltage measuring device) and 
3. Extender card. 


( ) 28. 
Visually inspect the solder side of the board for any solder crosses or 
unsoldered pins. Since 7596 of all board failures are due to soldering 
faults, it is to your advantage to check the board at this time. 
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RAM-32, REV. 1 


ASSEMBLY INSTRUCTIONS 


Insure that none of the IC's are installed. Then plug the board into the 
mainframe using an extender card, if available. | 


Apply power and check the regulator outputs with respect to the signal 
ground plane: 


Top pin of 7905: -5.0 VDC +/-0.25 VDC 
Bottom pin of 7805: +5.0 VDC +/-0.25 VDC 
Top pin of 7812: +12.0 VDC +/-0.5 VDC 


If the voltages are correct, proceed with Step 31. If the voltages do not 
check out, the problem must be corrected before continuing or damage 
will result. 


If a particular voltage does not check out: 


1. 

Check the input lead of the regulator т doubt with respect to 
ground. The middle pin of the 7905 should be approximately -16V 
+/-10%. The top pin of the 7805 should be approximately +8V 
+/-10%. The bottom pin of the 7812 should be approximately +16V 
+/-10%. If the correct input voltage is not present, check the 
edge connector contacts and clean if necessary. Check for 
continuity of the input power trace. Check/resolder the regulator 
leads. 


„А 
If the input voltages check out, but the correct output voltage is 
not present, check for solder shorts along the appropriate power 
trace. Check/resolder the regulator leads. If the voltages still do 
not check out, replace the regulator in doubt. You may call/write 
the IMSA! Customer Service Department for an appropriate 
replacement at no charge. 


Check for -5.0 +/-0.25 VDC at pin 1 of ail 2108-A sockets (locations 
U1-U8, U10-U25 and U28-U35). 


If the correct voltage is not present, check for continuity of the -5V 
power traces. 


Check for 45.0 +/-0.25 VDC at pin 9 of all 2108-A sockets (locations 
U1-U8, 010-025 and U28-U35). 


If the correct voltage is not present, check for continuity of the *5V 
power traces. 


^ 


[ ) 38. 


( ) 35. 


RAM-32, REV. 1 


ASSEMBLY INSTRUCTIONS 


Check for +12.0 +/-0.50 VDC at pin 8 of all 2108-A sockets (locations 
U1-U8, U10-U25, and U28-U35). 


If the correct voltage is not present, check for continuity of the +12 V 
power traces. 


Check for 0 VDC (open) at pins 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14 and 15 
of U1, U10, U18 and U28. 


If the correct voltage is not present, check for solder shorts at the 
appropriate pin. 


Remove power and remove the board from the mainframe. Check for 
continuity to ground at pin 16 of all 2108-А sockets (locations 01-08, 
010-025 апа U28-U35). 


If all initial tests check out, proceed with Step 36. Problems arising in 
the initial test phase must be corrected before continuing or damage will 
result. 


IC INSTALLATION 


( ) 36. 


(332 


insert one 2108-A in the socket at location U10 as shown on the 
Assembly Diagram. Note that pin 1 is up. DO NOT insert the remaining 
2108-А chips at this time. 


Insert one 3232 in the socket at location U9 as shown on the Assembly 
Diagram. Note that pin 1 is in the lower left corner of the U9 mounting 
area. 


Insert three 74504 IC's in the sockets at locations U26, 027 and U56 as 
shown on the Assembly Diagram. Note that pin 1 on these !C's is down. 


Insert two 8205 IC's into the sockets at locations U36 and U47 as shown 
on the Assembly Diagram (pin 1 down). 


Insert one 74LS04 IC into the socket at location U43 as shown on the 
Assembly Diagram (pin 1 down). 
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( ) 53. 


RAM-32, REV. 1 
ASSEMBLY INSTRUCTIONS 


Insert one 3245 IC into the socket at location U38 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 74S08 IC into the socket at location U39 as shown on the 
Assembly Diagram (pinl down). 


Insert one 74S74 IC into the socket at location U40 as shown on the 
Assembly Diagram (pin 1 down). | 


Insert one 74LS74 IC into the socket at location U41 as shown on the 
Assembly Diagram (pin 1 down). 


Insert two 8T98 (or 74368) IC's into the sockets at locations U42 and 
U53 as shown on the Assembly Diagram (pin 1 down). 


Insert one 745140 IC into the socket at location U44 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 9828 Delay Line into the socket at U45 as shown on the 
Assembiy Diagram (pin 1 down). 


Insert one 9825 Delay Line into the socket at location U46 as shown on 
the Assembly Diagram (pin 1 down). 


Insert one 74S20 into the socket at location U49 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 741.510 into the socket at location USO as shown on the 
Assembly Diagram (pin 1 down). 


Insert two 741,500 IC's into the sockets at locations 051 and 1/55 as 
shown on the Assembly Diagram (pin 1 down). 


Insert two 74LSO2 IC's into the sockets at U48 and U52 as shown on the 
Assembiy Diagram (pin 1 down). 


Insert one 741.520 IC into the socket at location 054 as shown on the 
Assembly Diagram (pin 1 down). 


() 54. 


( ) 55. 


RAM-32, REV. 1 


ASSEMBLY INSTRUCTIONS 


Insert two 74500 IC's into the sockets at locations U37 and 057 as 
shown on the Assembly Diagram (pin 1 down). 


Insert one 3222 IC into the socket at location U58 as shown on the 


Assembly Diagram (pin 1 down). 


PRELIMINARY FUNCTIONAL TEST 


( ) 56. 


() 57. 


( ) 58. 


( ) 59. 


Using the Assembly Diagram as a guide, verify that all IC's (except the 
31 remaining 2108-А!5) have been inserted into the correct locations. 
Verify the orientations of all pin 1's and insure that the pins of each IC 
are correctly seated in the socket. Many problems which arise may be 
traced to an IC in the wrong location, an IC inserted upside down or an 
IC not correctly seated in the socket. Therefore, a thorough check of 
the board at this time is required. Note that an IC pin bent under is not 
readily apparent. 


Configure the A32, B32, WP and PH jumpers as shown in Figure 1. 


The HL jumper area must be configured according to the type of memory 
chips contained in your kit. The suffix number appears on the top side of 
the 2108-A chips. If you have chips with the number 51626 or 51573, 
jumper the center pad of the HL jumper area to the bottom pad. If you 
have chips with the number $1627 or S1572, jumper the bottom pad of the 
HL jumper area to the top pad. 


Insert the RAM-32 board into the 8080 mainframe and apply power. Make 
certain no other memory boards are in the chassis. 


NOTE: The CPA board in the mainframe must have the modification. 


shown in the Appendix, ECN 77-0039, if it is of Revision 4 or earlier. 
Reset the CPU, and confirm that the CPU is stopped at address 0000H. 
Verify that data bit 0 is a "1" and all other bits "0", 


If correct operation is verified, proceed to Step 61. lf an error is 
detected, the problem must be corrected before continuing. 


The following points may prove to be helpful in locating the problem. 


4 – 19 


WP 


A32 


SR 


I 
a. 
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() 61. 


ASSEMBLY INSTRUCTIONS 


ae 
Check jumper HL. 


b. 
Check for solder shorts in traces leading to/from U28-14, U42-2 


с. 

. With the CPU stopped at address 0000H, verify that U42-1 is at 
a low (0 V) level. If not, check the /DOSEL signal originating at 
U57-11. It should also be low. U57-12 and U57-13 should both be 
at high levels (>3.3 VDC). If U57-12 is not high, recheck the A65 
and B65 jumper areas. Check the board select circuitry at 049 
and U47 (reference the Theory of Operations and schematics to 
understand the correct operation of BDSEL. 


d. 
Replace U28 and U42 to determine if a defective chip is causing 
the problem. Insure that U28 pin 1 is up and U42 pin 1 is down. 


e. 
If bits 1-7 are not "1" with the CPU stopped at 0000H, check 
for solder shorts at 2108-A pin 14!s. 


f. 
Check the Address Control Circuitry at U9. Verify that the 
address 0000 is being sent to U28 at access time. Reference the 
Theory of Operations and schematics. 


Check the Cycle Control and Timing logic to determine if refresh 
and access cycles are occurring at the proper times. Reference 
the schematics and Theory of Operations. 


With the CPU stopped at address OOOOH, verify that O's and 1's can be 
deposited in bit O. 


If correct operation is verified, proceed with Step 62. If an error is 
detected, the problem must be corrected before continuing. 


The following points may prove to be helpful in locating the problem. 


ae 
Check jumper WP. 


be 
Check for solder shorts on traces leading to or from U28-2, 
026—8 and U26-9. 


4-24 


() 62. 


Co 


d. 


RAM-32, REV, 1 
ASSEMBLY INSTRUCTIONS 


With a logic probe or scope, check for the occurrence of a /WE 
pulse at U42-11 and 128—3 when a deposit is made. /WE will be a 
low going pulse. 


If the pulse is not present, check the write enable circuitry using 
the Theory of Operation and schematics for reference. 


Replace U28 and U26 to determine if these chips are defective. 
Insure that U28 pin 1 is up and U26 pin 1 is down. 


With the CPU stopped at address 1000H, verify that bit O is O and bits 
1-7 are 1's. Further verify that 115 and 05 can be deposited into bit 0. 


If correct operation is verified, proceed with step 63. To correct a 
problem, the following points may prove helpful. 


ae 


be 


Replace U28 to determine if the chip is defective. 


Check the Address Control logic at U9 to verify that the address 


1000H is being sent to U28 at access time. 


Reference the 


Theory of Operations and schematics. 


MEMORY INSTALLATION 


() 63. 


Insert the remaining 31 2108-A IC's into the appropriate locations as 
shown on the Assembly Diagram. Insure that pin 1 on all 2108-A's faces 
up. 


() и 
() 92 
() U3 
() U4 
() US 


( ) шо 


() 911 


( ) U12 


( ) U13 


() 914 


6 


RAM-32, REV. 1 
ASSEMBLY INSTRUCTIONS 


FINAL FUNCTIONAL TESTING 


() 64. 


If an IMSAI Floppy Disk System and 16K CP/M Version 1.31 Rev. 2 or 
later are available, proceed to test the board using SHAKDOWN. Make 
Certain no other memory boards are in the mainframe when testing the 
RAM-32 board. Confirm that memory through 7FFF is verified. 


The IFM board must have the modification shown in the Appendix, ECN 
77-0038, if it is of Revision 6. For earlier revision IFM boards, contact 
the IMSAI Sales Department for retrofit information. 


If a problem arises, the following points may prove helpful in locating the 
problem. 


ae 
If the system will not boot, check for control of all bits from the 
front panel with the CPU stopped at address 0000Н. 


If you have control and the system will not boot, change the B32 
jumper to the configuration shown in Figure 2 and retry. 


If you do not have control (using the deposit function), check the 
points listed in Step 61 for all 2108-A IC's (Step 61 is concerned 
with U28 only). 


b. 
Once an error has been detected by SHAKDOWN, use the 
information given by SHAKDOWN along with the schematics and 
Theory of Operation to troubleshoot the board. lf you do not 
feel confident in troubleshooting, call or write IMSAI Customer 
Service for assistance. 


= 


WP 


ae 


[оооооооо 
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PH 
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U8 C60 
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thru 2116 C64 
U25 thru 
U28 C67 
thru C21 
U35 C43 
U9 3242 thru 
U26 C58 .33uF 
U27 74S04 C75 
U56 thru 
U36 _ C89 
us ES C71 2.2uF 
7 C73 5600pF 
043 741504 р 
U38 3245 Q1 
U39 74508 оо 99997 
U40 74S74 ALL.RESISTORS ARE % WATT 
U41 74LS74 5, 
U42 ru 
U53 8T98 R8 
0447 745140 В11 
045 9828 thru 22 OHM 


046 9825 R16 
U48 SPARE R25 
049 74520 thru 
050 741510 
us] 741500 ато | 1K 
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054 741520 R17 
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BEN; SIZE |DRAWING NO. 


PARTS LIST 


ITEM 
Solder 
Heat Sink 
screw 

Nut 
Lockwasher 


Resistor 
Resistor 
Resistor 
Resistor 


Resistor 


Resistor 
Resistor 
Capacitor ` 


Capacitor 
Capacitor 
Capacitor 
Capacitor 


Transistor 


T Regulator 


IMSAI 
PART # 


15-0000001 
16-0100004 
20-3302001 
21-3120001 
21-3350001 


30-2220362 
30-3110362 
30-4100362 
30-4470362 


30-4365342 


30-5100362 
30-5470362 
32-0556040 


32-2010010 
32-2033010 
32-2202270 
32-2233070 
35-2000002 


36-0780501 


RAM-65 Rev. 
Parts List 


QUANTITY DESCRIPTION/IDENTIFICATION MARKS 


5! 
1 


3 


21 


48 


32 


Thermalloy, 6 Prong 


6-32x5/16" Phillips Pan Head Machine 


6-32 Hex 
#6 Internal Star 


22 Ohm, % Watt, 5% Carbon Film 
(red, red, black) 


110 Ohm, % Watt, 5% Carbon Film 
(brown, brown, brown) 


1K Ohm, % Watt, 5% Carbon Film 
(brown, black, red) 


4.7K Ohm, 4 Watt, 5% Carbon Film 
(yellow, violet, red) 


3.65K Ohm, % Watt, 1% Carbon Film 


10K Ohm, % Watt, 5% Carbon Film 
(brown, black, orange) 


47K Ohm, % Watt, 5% Carbon Film 
(yellow, violet, orange) 


5600pF, 5$, Mylar, Radial Leads, 
0.50 Spacing 


.luF, 30V Disk Ceramic 


.33uF, 25V Min., Ceramic 
2.2uF, 25V Min., Tantalum 


33uF Tantalum 


2N3904 


+5V 7805/7805CU 


ITEM 
Regulator 
Regulator 
IC Socket 
IC Socket 
IC Socket 
IC Socket 


Socket 
Carrier 


8T98 
2116 
3222 
3242 
3245 


74LSOO 


74S00 


74LS02 


74LS04 
74504 
74508 
741510 
741520 


74520 


IMSAI 


36-0781201 


36-0790502 


23-0800001 


23-0800003 


23-0800009 


23-0800011 


23-0900008 


36-0089801 


36-0211601 


36-0322201 


36-0324201 


36-0324501 


36-0740002 


36-0740003 


36-0740202 


36-0740402 


36-0740403 


36-0740803 


36-0741002 


36-0742002 


36-0742003 


1 


E 


37 


18 


32 


RAM-65 Rev. 2 
Parts List 


PART # QUANTITY DESCRIPTION/IDENTIFICATION MARKS 


%12У 7812/7812С0 
-5V 7905/7905CU 
16 Pin, Solder Tail, Low Profile 
28 Pin, Solder Tail, Low Profile 
14 Pin, Solder Tail, Low Profile 
22 Pin, Solder Tail, Low Profile 


Lead Socket Carrier Assembly, 
Augat 716-AG2D 


Tri-State Hex Buffer/N8T98B (Alt: 74368) 


Memory Chip 

Refresh Controller/B3222 
Refresh Controller 
Memory Driver/D3245 


Quad 2 Input NAND (Low Power Schottky) / 
74LSOON 


Quad 2 Input NAND (Schottky) /74500М 


Quad 2 Input NAND Open Collector (LPS)/ 
SN74LSO2N or DM74LSO2N 


Hex Inverter (LPS)/74LS94N 

Hex Inverter (Schottky) /SN74S04N 
Quad 2 Input AND (Schottky)/SN74S08N 
Triple 3 Input NAND (LPS)/SN74LSlON 
Dual 4 Input NAND (LPS)/SN74LS20N 


Dual 4 Input NAND (Schottky) /DM74S20N 


C 


ITEM 


74LS74 


74574 


8205 


9825 


9828 


748140 


Chapter 


PC Board 


IMSAI 


PART + 


36-0747402 


36-0747403 


36-0820501 


36-0982501 


36-0982801 


36-7414003 


81-0000049 


92-0000053 


1 
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QUANTITY DESCRIPTION/IDENTIFICATION MARKS 


Dual D Flip Flop Preset and Clear 
(LPS) /SN74LS74N 


Dual D Flip Flop Preset and Clear 
(Schottky) /DM74S74N 


lof 8 Decoder/P8205 


Delay Line/PE9825 
(Alt: Bel Fuse 0404-1064-01) 


Delay Line/PE9828 
(Alt: Bel Fuse 0404-1148-01) 


Dual 4 Input NAND Driver (Schottky)/ 
F74S140 Я 


Dynamic RAM System 


RAM-65 Rev. 2 


RAM-65, REV. 2 
ASSEMBLY INSTRUCTIONS 


ASSEMBLY INSTRUCTIONS: RAM-65 


PART |: INITIAL ASSEMBLY 


() 1. 


Unpack your board and carefully check all parts against the parts list 
enclosed in the package. If a discrepancy occurs, contact the IMSAI 
Customer Service Department. 


If the gold contacts on the edge connector of the PC board appear to be 
oxidized, use a pencil eraser to clean the contacts. 


NOTE: Do not use Scotchbright or any abrasive material as it will 
remove the. gold plating. 


RESISTOR INSTALLATION 


() 3. 


Insert and solder the twenty-one 22 ohm, 1/4 watt resistors (red, red, 
black) in the following locations as shown on the Assembly Diagram. 


() 81 () R6 () R13 () R26 
() R2 () В7 () R14 () R27 


| 
) 

()R3 () R8 () RIS () R28 
() RA () R11 () Rie (IR 
) 


() RS () R12 ( ) R25 () R30 


( ) R31 


5-10 
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Insert and solder the three 1K ohm, 1/4 watt resistors (brown, black, 
red) in locations R9, R10 and R24 as shown on the Assembly Diagram. 


Insert and solder the one 3.65K ohm, 1/4 watt resistor (3651, 1% 
precision) in location R18 as shown on the Assembly Diagram. 


() 6. 


Insert and solder the two 110 ohm, 1/4 watt resistors (brown, brown, 
brown) in locations R20 and R21 as shown on the Assembly Diagram. 


Insert and solder the one 4.7K ohm, 1/4 watt resistor (yellow, violet, 
red) in location R23 as shown on the Assembly Diagram. 


Insert and solder the one 10K ohm, 1/4 watt resistor (brown, black, 
orange) in location R32 as shown on the Assembly Diagram. 


() 9. 


Insert and solder the one 47K ohm, 1/4 watt resistor (yellow, violet, 
orange) in location R33 as shown on the Assembly Diagram. 


SOCKET INSTALLATION 


( ) 10. 
Insert and solder five 16 pin DIP sockets in the following locations as 
shown on the Assembly Diagram. Note that pin 1 on these sockets faces 
down towards the board edge connector. 
()U36 ()U42 
() 038 ()U47 


() 053 


RAM-65, REV. 2 
ASSEMBLY INSTRUCTIONS 


з. 


а Insert and solder thirty-two 16 pin DIP sockets in the following locations 
as shown on the Assembly Diagram. Note that pin 1 on these sockets 
faces UP towards the top edge of the board. 

() U1 () U10 () U18 () U28 
()U2[()UM () 59 () 922 
() U3 () 012 () 020 ( ) U30 
()U4 () U13 () U21 () 031 
() 05 () 014 () 022 () U32 
() 06 () 015 () U23 () U33 
() U7 () 016 () U24 () U34 
() ив () U17 () 925 () 935 

() 12. 

Insert апа solder the nineteen 14 pin DIP sockets in the following 
locations as shown on the Assembly Diagram. Note that pin 1 on these 
sockets faces down towards the board edge connector. 

() 026 () 041 () U48 () 054 

()U27 () U43 () U49 () 955 

()U37 () U44 () USO () US6 

() 939 () 045 () 451 () U57 

()U40 () U46 () US2 

( ) 13. 


Insert and solder the one 22 pin DIP socket at location U58 as shown on 
the Assembly Diagram. Note that pin 1 faces down. 


( ) 14. 


Insert and solder the one 24 pin DIP socket at location U9 as shown on 
the Assembly Diagram. Note that pin 1 is in the lower left corner of 
position U9. 


5-11 


( ) 15. 
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Insert and solder the lead sockets into the pads of the A65, B65, PH and 
WP Jumper Areas. The socket carriers may be used for support while the 
sockets are being soldered into place. Refer to the Assembly Diagram to 
locate the Jumper Areas. 


CAPACITOR INSTALLATION 


( ) 16. 


Insert and solder thirty-two O.luF capacitors in the following locations 
as shown on the Assembly Diagram. 


( ) Сї 
(уа 
() СЗ 
() C4 
() 65 
eee. 
() C7 
() C8 


() 17. 


()С11 ()С19 
() С12 ( ) C20 
C13 ( ) C30 
C14 () С31 


C16 ( ) C42 


() 
() 
() C15 ()C40 
() 
()C17 () С59 
() 


C18 ( ) C62 


( ) C63 
( ) C68 
( ) C69 
() C70 


Insert and solder the sixteen pairs of 0.1uF-0.33uF capacitors іп the 
following locations as shown on the Assembly Diagram. Insert both 
Capacitors in each pair BEFORE soldering. Use extreme caution when 
handling the 0.33uF monolithic capacitors as the leads are easily broken. 


0.33uF 0.1uF 
3021-02 
() C75- C23 


5-12 


0.33uF 0.1uF 
() С82- C32 
() C83 - C33 


Q 
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() C76 - C24 () C84 - C34 
[) CIT C25 () C85 - C35 
() C78 - C26 () C86 - C36 
() C79 = C27 () C87 - C37 
() C80 - C28 () C88 - C38 
() C81 - C29 () C89 - C39 
( ) 18. 
Insert and solder the remaining sixteen 0.33uF monolithic capacitors in 


the following location as shown on the Assembly Diagram. Use extreme 
caution when handling these capacitors as the leads are easily broken. 


() САЗ ()C47 () C51 () C55 
() C44 ()C48 () C52 ( ) C56 
()C45 ()С49 () C53 () C57 
()C46 ()C50 () C54 () C58 
( ) 19. 
Insert and solder the nine 33uF capacitors in the following locations as 


shown on the Assembly Diagram. Insure that the "+" terminals of the 
capacitors match the "+" markings on the board. 


()C9 ()C60 () C65 
()C10 () C61 ( ) C66 
() C41 () C64 () C67 


Insert and solder the one 2.2uF capacitor in location C71 as shown on 
the Assembly Diagram. Insure that the "+" terminal of the capacitor 
matches the "+" marking on the board. 


Insert and solder the one 5600pF capacitor in location C73 as shown on 
the Assembly Diagram. . 


5 - 13 
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TRANSISTOR INSTALLATION 


Bp 
Insert and solder the two 2N3904 transistors in locations Q1 and Q2 as 
shown on the Assembly Diagram. Note that the emitter, flat side, of O1 
should point towards the lower left corner of the Q1 mounting area. The 
emitter, flat side, of Q2 should face the upper right corner of the Q2 
mounting area. 


REGULATOR AND HEAT SINK INSTALLATION 


( ) 23. | 

Bend the leads of the 7905 regulator at 90 degree angles from the 
mounting plane of the device. The bends should be made down, away from 
the side bearing the device number and should allow the device to be 
aligned with the mounting hole and lead pads at the 7905 board location 
shown on the Assembly Diagram. When the bends have been made, set 
the device aside. 


NOTE: One way to accomplish this is to place the lettered side of the 
device FACE DOWN against the board at the 7905 location shown on the 
Assembly Diagram. Align the device so that the mounting hole is 
centered and the three device leads cross directly over the lead soider 
pads. While holding the body of the device firmly in place, carefully bend 
each lead at a 90 degree angle, UP, away from the board with a pair of 
needlenose pliers. Each bend must be made so that the axis of a bent lead 
coincides with the axis drawn through the appropriate board mounting 
pad. 


( ) 24. 
Bend the leads of one 7805 and one 7812 regulator at 90 degree angles 
from the mounting plane of the devices. The bends should be made away 
from the side bearing the device number and should allow the device to 
be aligned with the mounting hole and lead pads at the appropriate board 
locations shown on the Assembly Diagram. When the bends have been 
made, set the devices aside. 


NOTE: This may be accomplished by following the procedure outlined in 
the NOTE of Step 23 using the 7805 and 7812 locations for alignment. 


^ 


) 25. 


() 26. 


( ) 27. 
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з 


Insert the 7905 regulator at the board location shown on the Assembly 
Diagram. Then insert one #6-32x3/8" pan head screw through the 
mounting hole from the top of the board. Fasten in place with one 76 
lockwasher and one nut. When alignment is correct, solder the leads of 
the device in place. 


Place and align one heat sink at the 7805-7812 mounting area as shown on 
the board photos. Then insert the 7805 regulator at the location shown on 
the Assembly Diagram (left side of the heat sink). Insert one #6—32х3/ 8" 
screw through the mounting hole from the top of the board. Fasten in 
place with one 76 lockwasher and one nut. Verify that none of the leads 
of the device touch the heat sink. If alignment is correct, solder the leads 
in place. 


Insert the 7812 regulator at the location shown on the Assembly Diagram 
(right side of heat sink). Insert one 26—32x3/[8" screw through the 
mounting hole from the top of the board. Fasten in place with one 76 
lockwasher and one nut. Verify that none of the leads of the device 
touch the heat sink. If alignment is correct, solder the leads in place. 


PART И: FINAL ASSEMBLY AND TESTING 


The following sections of the Assembly Instructions intersperse testing with final 
assembly. If a problem arises in any phase of testing, it must be corrected 
before continuing, or damage may result. | 


If you 


feel confident in using the schematics and Theory of Operation as 


references, we have included suggested points to check in locating the problem. 


If you 


need further assistance in locating a problem, call or write IMSAI 


Customer Service before proceeding. 


INITIAL TESTING 


To proceed with the initial testing, you will need the following equipment: 
1. 8080 mainframe (MPU and CPA only); 
2. Volt/ohm meter ( or other voltage measuring device) and 
3. Extender card. 


() B. 


Visually inspect the solder side of the board for any solder crosses or 


unsoldered pins. Since 7596 of all board failures are due to soldering 


faults, it is to your advantage to check the board at this time. 
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Insure that none of the IC's are installed. Then plug the board into the 
mainframe using an extender card, if available. 


Apply power and check the regulator outputs with respect to the signal 
ground plane: 


Top pin of 7905: -5.0 VDC +/-0.25 VDC 
Bottom pin of 7805: +5.0 VDC +/-0.25 VDC 
Top pin of 7812: +12.0 VDC +/-0.5 VDC 


If the voltages are correct, proceed with Step 31. If the voltages do not 
check out, the problem must be corrected before continuing or damage 
will result. 


If a particular voltage does not check out: 


Te 

Check the input lead of the regulator in doubt with respect to 
ground. The middle pin of the 7905 should be approximately -16V 
+/-10%. The top pin of the 7805 should be approximately +8V 
+/-10%. The bottom рт of the 7812 should be approximately +16V 
+/-10%. If the correct input voltage is not present, check the 
edge connector contacts and clean if necessary. Check for 
continuity of the input power trace. Check/resolder the regulator 
leads. 


2. 
If the input voltages check out, but the correct output voltage is 
not present, check for solder shorts along the appropriate power 
trace. Check/resolder the regulator leads. If the voltages still do 
not check out, replace the regulator in doubt. You may call/write 
the IMSAI Customer Service Department for an appropriate 
replacement at no charge. 


Check for -5.0 +/-0.25 VDC at pin 1 of all 2116 sockets (locations 
01-08, U10-U25 and U28-U35). 


Н the correct voltage 15 not present, check for continuity of the -5У 
power traces. 


Check for 45.0 +/-0.25 VDC at pin 9 of ш 2116 sockets (locations 
U1-U8, U10-U25 and U28-U35). 


^ 


() 33. 


() 34. 


() 35. 
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If the correct voltage is not present, check for continuity of the +5V 
power traces. | 


Check for +12.0 +/-0.50 VDC at pin 8 of all 2116 sockets (locations 
01-08, 010-025, and U28-U35). 

If the correct voltage is not present, check for continuity of the +12 V 
power traces. 

Check for 0 VDC (open) at pins 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14 and 15 
of U1, U10, U18 and U28. | 

If the correct voltage is not present, check for solder shorts at the 


appropriate pin. 


Remove power and remove the board from the mainframe. Check for 


continuity to ground at pin 16 of all 2116 sockets (locations 01-08, 


010-025 and 928-135). 


№ all initial tests check out, proceed with Step 36. Problems arising in 
the initial test phase must be corrected before continuing or damage will 
result. | 


IC INSTALLATION 


( ) 36. 


() 37. 


Insert one 2116 in the socket at location U28 as shown on the Assembly 
Diagram. Note that pin 1 is up. DO NOT insert the remaining 2116 chips 
at this time. | 


Insert one 3242 in the socket at location U9 as shown on the Assembly 
Diagram. Note that pin 1 is in the lower left corner of the U9 mounting 
area. 


Insert three 74504 IC's іп the sockets at locations 1/26, 027 and U56 as 
shown on the Assembly Diagram. Note that pin 1 on these IC's is down. 


Insert two 8205 IC's into the sockets at locations U36 and U47 as shown 
on the Assembly Diagram (pin 1 down). 
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( ) 40. 


() 41. 


() 42. 
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Insert two 74LS04 IC's into the sockets at locations U37 and U43 as 
shown on the Assembly Diagram (pin 1 down). 


Insert one 3245 IC into the socket at location U38 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 74S08 IC into the socket at location U39 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 74574 IC into the socket at location U40 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 74LS74 IC into the socket at location U41 as shown on the 
Assembly Diagram (pin 1 down). 


Insert two 8T98 (or 74368) IC's into the sockets at locations U42 and 
U53 as shown on the Assembly Diagram (pin 1 down). 


Insert one 74S140 IC into the socket at location U44 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 9828 Delay Line into the socket at U45 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 9825 Delay Line into the socket at location U46 as shown on 
the Assembly Diagram (pin 1 down). 


Insert one 74S20 into the socket at location U49 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 74LS10 into the socket at location USO as shown on the 
Assembly Diagram (pin 1 down). 


Insert two 74LS00 IC's into the sockets at locations 051 and 055 as 
shown on the Assembly Diagram (pin 1 down). 


Insert one 74LSO2 IC into the socket at U52 as shown on the Assembly 
Diagram (pin 1 down). 
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Insert one 74LS20 IC into the socket at location U54 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 74S00 IC into the socket at location U57 as shown on the 
Assembly Diagram (pin 1 down). 


Insert one 3222 IC into the socket at location U58 as shown on the 
Assembly Diagram (pin 1 down). | 


PRELIMINARY FUNCTIONAL TEST 


( ) 56. 


( ) 57. 


( ) 58. 


( ) 59. 


Using the Assembly Diagram as a guide, verify that all IC's (except the 
31 remaining 2116's) have been inserted into the correct locations. Verify 
the orientations of all pin 1's and insure that the pins of each IC are 
correctly seated in the socket. Many problems which arise may be traced 
to an IC in the wrong location, an IC inserted upside down or an IC not 
correctly seated in the socket. Therefore, a thorough check of the board 
at this time is required. Note that an IC pin bent under is not readily 
apparent. 


Configure the A65, B65, WP and PH jumpers as shown in Figure 1. 
Insert the RAM-65 board into the 8080 mainframe and apply power. Make 


certain no other memory boards are in the chassis. 


NOTE: The CPA board in the mainframe must have the modification 
shown in the Appendix, ECN 77-0039, if it is of Revision 4 or earlier. 


Reset the CPU, and confirm that the CPU is stopped at address OOOOH. 
Verify that data bit 0 is a "1" and all other bits "0", 


If correct operation is verified, proceed to Step 60. If an error is 
detected, the problem must be corrected before continuing. 


The following points may prove to be helpful in locating the problem. 


ae 


Check for solder shorts in traces leading to/from U28-14, 042-2. 


and U42-3. 


b. 
With the CPU stopped at address OOOOH, verify that U42-1 is at 
a low (0 V) level. If not, check the /DOSEL signal originating at 
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US7-11. It should also be low. U57-12 and U57-13 should both be 
at high levels (>3.3 VDC). If U57-12 is not high, recheck the A65 
and B65 jumper areas. Check the board select circuitry at U49 
and U47 (reference the Theory of Operations and schematics to 
understand the correct operation of BDSEL. 


Co 
Replace U28 and U42 to determine if a defective chip is causing 
the problem. Insure that U28 pin 1 is up and U42 pin 1 is down. 

d. | 
If bits 1-7 are not "1" with the CPU stopped at OOOOH, check 
for solder shorts at 2116 pin 14!s. 

e. 
Check the Address Control Circuitry at U9. Verify that the 
address 0000 is being sent to U28 at access time. Reference the 
Theory of Operations and schematics. 

f. 


Check the Cycle Control and Timing logic to determine if refresh 
and access cycles are occurring at the proper times. Reference 
the schematics and Theory of Operations. 


With the CPU stopped at address OOOOH, verify that O's and 115 сап be 
deposited іп bit 0. 


If correct operation is verified, proceed with Step 61. If an error is 
detected, the problem must be corrected before continuing. 


. The following points may prove to be helpful in locating the problem. 


ae 
Check jumper WP. 

b. 
Check for solder shorts on traces leading to or from U28-2, 
U26-8 and 026—9. 

с. 
With а logic probe or scope, check for the occurrence of a [WE 
pulse at U42-11 and U28-3 when a deposit is made. МЕ will be a 
low going pulse. 
If the pulse is not present, check the write enable circuitry using 
the Theory of Operation and schematics for reference. 

d. 


Replace U28 and U26 to determine if these chips are defective. 
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Insure that U28 pin 1 is up and U26 pin 1 is down. 


( ) 61. 
With the CPU stopped at address 3000H, verify that bit O is O and bits 
1-7 аге 115. Further verify that 1's and 05 can be deposited into bit 0. 


If correct operation is verified, proceed with Step 62. To correct a 
problem, the following points may prove helpful. 


ae | 
Replace 028 to determine if the стр is defective. 


b. 
Check the Address Control logic at U9 to verify that the address 
3000H is being sent to U28 at access time. Reference the 
Theory of Operations and schematics. 


MEMORY INSTALLATION 


( ) 62. | 
Insert the remaining 31 2116 IC's into the appropriate locations as shown 
оп the Assembly Diagram. Insure that pin 1 on all 2116's faces up. 


() U1 () U10 () U18 ( ) U29 
()U2 () U11 () U19 ( ) U30 
() U3 () 012 () U20 ( ) U31 
()U4 () 013 () U21 ( ) U32 
() US () U14 () 022 ( ) 033 
()U6 () U15 () U23 () U 


()U7 () U16 () U24 ( ) U35 


() U8 () U17 () U25 


FINAL FUNCTIONAL TESTING 


) 63. 

l If an IMSAI Floppy Disk System and 16K CP/M Version 1.31 Rev. 2 or 
later are available, proceed to test the board using SHAKDOWN. Make 
certain no other memory boards are in the mainframe when testing the 
К АМ-65 board. Confirm that memory through FFFF is verified. 


C 


А 
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The IFM board must have the modification shown in the Appendix, ECN 
77-0038, if it is of Revision 6. For earlier revision IFM boards, contact 
the IMSAI Sales Department for retrofit information. 


If a problem arises, the following points may prove helpful in locating the 
problem. 


ae 
If the system will not boot, check for control of all bits from the 
- front panel with the CPU stopped at address 0000H. 


If you have control and the system will not boot, change the 865 
jumper to the configuration shown in Figure 2 and retry. 


If you do not have control (using the deposit function), check the 
points listed in Step 60 for all 2116 IC's (Step 60 is concerned 
with U28 only ). 


b. 
Once an error has been detected by SHAKDOWN, use the 
information given by SHAKDOWN along with the schematics and 
Theory of Operation to troubleshoot the board. М you do not 
feel confident in troubleshooting, call or write IMSAI Customer 
Service for assistance. 
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| REVISIONS 


LTR 
ORIGINAL REV.1 AR. 1 4/77 
REV. 2 6/77 
U1 C68 
THRU| 2116 THRU 
us | C70 
U9 3242 C72 uF 
U10 C74 
THRU| 2116 C90 
U25 C91 
U26 ^ C9 
U27 74504 C10 
U28 | C41 
THRU| 2116 C60 
U35 C61 33 uF 
U36 ^ C64 
we | 8205 THRU 
U37 741504 C67 _ 
U38 3245 C21 
U39 74S08 C43 
U40 74574 THRU 
U41 741574 C58 33 uF 
U42 C75 
U53 | 8798 THRU 
U43 741504 С89 
044 745140 C71 2.2 uF 
U45 9828 C73 5600 pF 
U46 9825 
U48 SPARE Q1 
U49 74S20 Q2 2N3904 
U50 741510 
051 R1 
U55 | 741.500 THRU 
U52 741502 R8 
U54 74LS20 R11 
U56 74S04 THRU| 22 %W 
U57 74S00 R16 
U58 3222 R25 
THRU 
C1 R31 
THRU R9 
C8 R10 | 1K %W 
C11 R24 
THRU R17 
C20 R19 NOT USED 
C22 Тур R22 
THRU R18 3.65K 
es is 110 УМ 
C59 R23 4JK УМ 
C62 R32 10K УМ 
C63 R33 47K УМ 
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CHAPTER 6 
USER GUIDE 


В. AM-16, 32, AND 65 
USER GUIDE 


USER GUIDE: RAM-16, 32 AND 65 


Use of the RAM-16, RAM-32 and RAM-65 boards when implementing systems up 
to 65K bytes is straightforward. 


JUMPER AREAS: There are five jumper areas which exist on each of the RAM 
boards. The area marked "WP" is located between R12 and U39 in the center of 
the board. The area marked "PH" is located between U56 and U57 in the lower 
right hand corner. The area marked "А16", "А32" or "А65" is located to the left 
of U36 in the lower left corner of the board. The area marked "B16", "B32", or 
1865" is located to the left of 047 and the area marked "JPRS cw is located 
below U48, both of which are also in the lower left corner. 


Three jumper areas are common to RAM-16, 32, 65. 


WP: The WP Jumper is used to implement the Write Protect feature 
when the IMM board is used. If an IMM board is not used, the jumper 
configuration shown in Figure 1 should be used. 


A16, A32 or A65: The A16, A32 or A65 Jumpers allow the selection of 
the high order board address when an IMM board is used. !f an IMM 
board is not used, the jumper configuration shown in Figure 1 should be 
used. 


PH: The PH Jumper allows the MEMR signal to be latched on the rising 
or trailing edge of the processor status strobe. № an IMSAI MPU-A Рго- 
cessor board is used without the IMM, the jumper configuration shown in 
Figure 1 should be used. 


Jumper Area C should be disregarded unless an IMM board is used. The use of 
Jumper Area C is covered in the IMM, Megabyte Micro documentation. 


The remaining jumper area, B16, B32 or B65 is used to determine the address of 
the memory board when the IMM board is not being used. Figures 2 - 4 depict 
the most commonly used address configurations for RAM-16, RAM-32 and 
К АМ-55. 


То allow for other address possibilities, note that the pads іп the right hand 
column of the A16, A32 or A65 Jumper Area constitute the 16K select signals. In 
a 65K address space only the lower four pads are valid, and they correspond to 
the addresses (bottom to top) 0000-3FFF, 4000-7FFF, 8000-BFFF and 
CO00-FFFF. 


RAM-16, 32, AND 65 
USER GUIDE 


The pad(s) in the left hand column of the Jumper Area constitute the 16K block 
enable input(s). | 


Therefore, the address selection process requires that the appropriate select 
signal (right hand column) be jumpered to the appropriate 16K block enable input 
(left hand column). 


For example, a RAM-32 board may be addressed to occupy the middle 32K of 
memory as follows: 


1. Jumper the bottom pad in the left hand column to the second pad from 
the bottom in the right hand column. 


2. Jumper the top pad in the left hand column to the third pad from the 
bottom in the right hand column. 


An address in the range of 4000-7FFF will enable the first 16K block, and an 
address in the range of 8000-BFFF will enable the second 16K block. Therefore, 
the board will respond to addresses in the range of 4000-BFFF. 


IMM EXPANSION: To implement systems larger than 65K, it is necessary to use 
the IMSAI Intelligent Memory Manager (IMM) board. The information on the use 
of RAM-16, 32, and 65 with the IMM is covered in the Megabyte Microsystem 
Documentation. 


FIGURE 1 
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IC DATA SHEETS 


The following data sheets on the 3222, 3232, 3242, 3245, 2104-A/2116 and 2108 
chips are reproduced with the permission of the Intel Corporation, Santa Clara, 
California. 


IC Data Sheets 
3222 
3232 
3242 
3245 
2104A-4/2116 
2108 


IFM Modifications 


СР-А Modifications 


APPENDIX 


| 3222 


. REFRESH CONTROLLER FOR 4K DYNAMIC 
RANDOM ACCESS MEMORIES 


s Ideal for use in = Adjustable Refresh Timing 
2107A, 2107B Systems Oscillator 


a Simplifies System Design a 6-Bit Address Multiplexer 
а Reduces Package Count a 6-Bit Refresh Address Counter 
a Standard 22-Pin DIP а Refresh Cycle Controller 


The Intel® 3222 is a refresh controller for dynamic RAMs requiring refresh of up to 6 input addresses (or 4K bits for 64 x 64 
organization). The device contains an accurate refresh timer (whose frequency can be set by an external resistor and 
capacitor), plus all necessary control and 1/О circuitry to provide for the refresh requirements of dynamic RAMs. The chip's 
high performance makes it especially suitable for use with high speed N-channel RAMS like the Intel® 2107B. The 3222 is well 
suited for asynchronous dynamic memory systems. 


The 3222 operates from a single +5 voit power supply and is specified for operation over a 0°C to 75°C ambient temperature 
range. It is fabricated by means of Intel's highly reliable Schottky bipolar process. 
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ии 


Absolute Maximum Ratings” *COMMENT 

| а e Stresses above those listed under "Absolute Maximum 
Tenere UNOS SE ние. or > nes Rating” may cause permanent damage to the device. This 
Storage Төтіреғяһш бака u Es -65 to +160 С | is a stress rating only and functional operation of the device 
All Input, Output or Supply Voltages .... -0.5V to +/V at these or at any other condition above those indicated in 
All Input Уойадев ................ -1.0V to +5.5V the operational sections of this specification is not implied. 
Output Currents .. s.s aco Rs rn near 100 mA 
Power Dissipation ........................ iW 


D.C. Characteristics All Limits Apply for Усс = *5.0V +5%, Ta = 0°C to +75°С. 
Limits 
Symbol Parameter Min. Max. Unit Test Conditions 


leg Input Load Current BUSY 0.40 | 1 | та | Vin = 0.45V 


leo Input Load Current All Other Inputs | 0.05 | 0.25 Vin = 0.45V 
ls Input Leakage Current BUSY ш < | 50 Vin = Усс 


во Input Leakage Current All Other Inputs * | НА Vin = 5.25V 
Ving Input “High” Voltage ‚ 2.0 NM V 


—— À 








Isc Output High Short Circuit Current | -48 -70 mA Vout = OV 
Ver = 5.25V 
VoL Output Low Voltage  . | 0.32 | 0.45 V lot = 5mA 
Vou Output High Voltage (Од-06) 2.6 3.1 V юн = -1mA 
Vee = 4.75V 
VoH1 Output High Voltage (All Other Outputs) 2.4 3.0 У. он = -1mA 
Усе = 4.75V 


Note 1: Typical values are for Ta = 25°C and nominal power supply voltages. 


Сарасіќапсе!2! ‚ ТА = 25°С 


Limits (pF) 
Symbol Test Typ. | Max. Conditions 
См (Address) | Input Capacitance 5 | 10 | Уыз” 20У 
см (EYRE TIT 
Cin (BUSY) Input Capacitance 20 30 f = 1MHz 


Note 2: This parameter is periodically sampled and is not 100% tested. 


3222 





A.C. Characteristics Ai Limits Apply for “сс = +5.0V +5%, Ta = 0°С to +75°C. Load = 1 TTL, Сі = 15pF. 
Conditions of Test: Input pulse amplitude: 3V, Input rise and fall times: 5ns between 1V and 2V. Measurements are made at 1.5V. 


me [инте Jr] мах | uni | Condon 
ал | ОЗУ nto Adare Ow | [ат] m 
ean | BUSY into Counter Out | |8) [т 


tex BUSY In to ACK Out | |14| 20 | ns | REFREQ= Мн, CYREO = Vi 


tan | SUS into AEFONOw | [ів [ае Im 
tas BUSY In | BUSY Into STARTCY Out | STARTCY Out | BUSY Into STARTCY Out | 4 | 7 | 14 | ns | CYREQ = Vy, 


tHOLD BUSY Hold Time 5d A External Delay between STARTCY and 
BUSY 


tay _ | СУВЕ ог REFREO Hold Time | 0 | | | ns | External Delay after BUSY 


tnn REFREQ to REFON CYREQ and BUSY = үң, No priority 
contention between REFREQ and 
CYREQ 


tas CYREQ or REFREQ In to BUSY = Vin 
STARTCY Out 
tSetup BUSY Setup Time ж | |а | BUSY = Му, During Refresh 


Note 1: Typical values are for Ta = 25°C and nominal power supply voltages. 


A. SYSTEM MEMORY CYCLE B. SYSTEM MEMORY CYCLE WITH MEMORY 
WITH MEMORY NOT BUSY BUSY (FOLLOWING REFRESH CYCLE) 


(Numbers in parentheses are minimum values in ns uniess otherwise specified.) 





“ян 





ы r— (0) 
сета | 
(IN) Vn. Na 

UE C ЖЕЛЕ AMNES AA 
ке VE МИНИ кк — = u «аа 


ій A | 
| (9) | 
Мн 
STARTCY | ў b | E + p 
{OUT) Ми. | ' = 





‘sam 
(2B MAX) 


E ‚ tea 
(12 MAX | Я 
н 
ADDRESS ADORESS 5,5, ne ADDRESS 
(OUT) м | (OUT) м 
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C. REFRESH MEMORY CYCLE WITH 
MEMORY NOT BUSY 


D. REFRESH MEMORY CYCLE WITH MEMORY 
BUSY (FOLLOWING SYSTEM CYCLE) 


(Numbers in parentheses are minimum values in ns unless otherwise specified.) 





REFREG 
UN) У 


— ата аа ФЩ шыза 
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(OUT! Vic 
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5-5; % COUNTER 
ыры OUTPUT 
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| 
NOTE 1: tag (2806 МАХ) iF PRIORITY CONTENTION IS ELIMINATED: ta ac 


E. TYPICAL APPLICATION OF 3222 REFRESH 
CONTROLLER IN A 2107B SYSTEM 





-5v 
Я а 
а: x | 
[ | REFREO AxiCa 
FROM CPU >—1 | СУЙЕП дак | ү тост! T” 
(| STARTCY AEFON | | оз мемоне E 
(1 А2 Busy 
ADORESS 
INPUTS >t] Ay Al }—< | 
FROM CPU wise 
A ADORESS INPUTS 
_| ^o „| FROM CPU 
15% As 
[15 б: |-> | 
92 Sz ] „>= 
|_| смо aL) : | ADORESS 
4. тара INPUTS 
= BUFFERS | TO 21078 
ARRAY 
o б 
d id BUSY 
у ; 
сс LATCH 
ci (7474) 
FROM Y CLEAR 
MEMORY 
TIMING 


TO MEMORY TIMING (VALID 
WHEN ADORESSES ARE STABLE) 


7404 = 


ONLY ONE 222215 REQUIRED PER SYSTEM. 
ADEQUATE BUFFERING SHOULD BE PROVIDED 
>< DELAY BETWEEN THE 3222 ADDRESSES (Gy Og) 
OUTPUTS AND THE MEMORY INPUTS. 
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3222 
PIN NAMES AND FUNCTIONS 
Pin Pin Pin Pin 
No. Name Function No. Name Function 
1 Q Output of the internal Refresh Re- 21 RX/CX Connection point for the RC net- 
quest latch. This pin may be con- work which determines the refresh 
nected to the Refresh Request input period for sequential refresh mode. 
(REFREQ) directly for asynchro- (See Refresh Control section). 
nous sequential mode refresh or 
indirectly through control logic for = Усс OR HPP 
burst mode or synchronous mode 
refresh (see text). FUNCTIONAL DESCRIPTION 
2 REFREQ Refresh Request input (active when The Intel® 3222 performs the four basic functions of a 
low). The request is honored only if refresh controller by: 
the memory is not presently execut- 1. Providing a refresh timing oscillator. 
ing a cycle (BUSY high) and if a 2. Generating six bit refresh addresses. 
system cycle request did not occur 3. Multiplexing refresh and system addresses to the six 
first. low order address inputs (Oo-Os). 
3 CYREQ System Memory Cycle Request in- 4. Providing control signals for both refresh and mem- 
put (active when low). The request ory cycle accesses. 
is honored only if the memory is not As shown in the pin configuration figure, the 3222 has as 
presently executing a cycle (BUSY inputs the six low order (Ag-As) system addresses. These 
high) and if a refresh request did not addresses are internally multiplexed with six internally 
occur first. generated refresh addresses. The output of these 
| multiplexers provide the six low order addresses to the 
А STARTCY Output signal indicating to external memory array. 
pst има 4 с. > The block diagram shows the four main circuit categories of 
ystem or refresh) is to begin. See 
text for timing considerations for a the 3222. An explanation of the workings of each of these 
refresh cycle. categories is given in the Device Operation section from a 
users point of view. 
5-7 Ag-As Low order system address inputs. 
15-17 These addresses are ти р!ехед to 
the address output pins (бо-96) DEVICE OPERATION 
during a system cycle. Operation of the Intel® 3222 Refresh Controller is most 
= > easily explained by considering five conditions presented 
ae OrOs videt ool несу were ашро, by the three input control lines Cycle Request (CYREQ), 
g asystem cycle these outputs регезһ Request (REFREQ), and System Busy (BUSY 
give the low order (Ay-As) address equest (НЕРАЕО), and System Susy (BUSY). 
of a memory access. During a These conditions are: 
refresh cycle these outputs give the 1. System memory cycle request — memory not busy 
refresh address (generated internal (BUSY = High) 
to the 3222). 2. System memory cycle request — memory busy 
(BUSY -Low) 
М APURO мае, | 3. Refresh cycle request — memory not busy 
18 BUSY An externally generated signal (BUSY = High) 
which the 3222 monitors to determ- 4. Refresh cycle request — memory busy 
ine memory system status. № BUSY (BUSY =Low) | 
is high the memory is not busy and a 5. Simultaneous system memory cycle and refresh cycle 
system or refresh cycle may begin. requests. 
If BUSY is low the memory is being Condition 5 is actually a subset of the four previous 
accessed for a data I/O or refresh conditions and is included for completeness. 
CYR and no Other сусе may Begin. As is implied in the five conditions, the response of the 3222 
19 REFON The 3222 output which when low in- to both refresh and memory cycles is dependent on the 
dicates the memory system is either state of the BUSY input. The BUSY signal is generated 
ready to begin or is in a refresh cycle externally to the 3222 and, when low, defines the time when 
(Refresh On). the memory is performing a cycle (refresh or memory 
access). It is important to assure that BUSY is low for the 
20 ACK The 3222 output which when low in- entire memory cycle time. Interference may occur in 
dicates the memory system is asynchronous memory systems if the BUSY input goes 
either ready to begin or is in a high prematurely. (An asynchronous memory system is 


accepted and acknowledged). 


system cycle (system cycle request- 
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one in which the refresh and memory cycle requests occur 
independent of each other.) 
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System Memory Cycle Request — Memory Noi Busy 


This section details operation of the 3222 when the memory 
is not busy and a request for a system memory cycle is 
made (See Figure A for timing sequences). The request for 
a memory cycle is made by the CYREQ input going low. The 
Start Cycle output STARTCY goes low at tas after CYREQ. 
STARTCY is used for two purposes: 





1. To set the external BUSY latch. (See Figure E.) 


2. To initiate memory system timing (after appropriate 
delay). 


The required delay time depends on system configuration 
and associated delay paths for both Chip Enable (2107B 
input signal) and system addresses. 


The low going BUSY input causes the internally ala 
Start Cycle output to go high and the Acknowledge output 
ACK to go low (after tax time). The Acknowledge output 
confirms that the requested system memory cycle has been 
accepted by the 3222. Note that the cycle request input may 
be returned to the high state when the BUSY input goes low. 
However, at the designer's discretion, the cycle request line 
may remain low until “just prior” to BUSY returning high. (If 
BUSY goes high before CYREQ goes high, another 
memory access may inadvertently be started.) 








When the memory is not busy and a cycle request has been 
made, the low order system address delay through the 3222 
is {АА nsec. When the 3222 is not busy, the low order system 
addresses (Ас-Аз) are gated through to the output (Og-O3) 
independent of any other input. 


System Memory Cycle Request — Memory Busy 


The major differences between a system memory cycle 
request when the system is busy and when it isnot busy (as 
previously described) are: 


1. The Start Cycle output STARTCY does not go low until 
tas after the rising edge of the BUSY input. (Even 
though the CYREQ input is low.) 

. Output addresses Og-Oschangeat or before taa time if 
the previous cycle was a system cycle request and 
change at or before tsam if the previous cycle was а 
Refresh Cycle request. (Note that the longer delay is 
after a refresh cycle.) See Figure B for definition of 
terms. 


Note that for a system memory cycle following a refresh 
cycle, the refresh on output REFON goes high at or before 
{ва relative to BUSY going high. Since the Acknowledge 
output ACK can not go low until after tio, p there is no 
ambiguity between REFON and ACK. The memory is 
always defined as being in a refresh cycle, system cycle or 
no cycle. 





Reíresh Cycle — Memory Not Busy 


Operation of the 3222 forarefresh request with the memory 
not busy (see Figure C) is similar to a system cycle request 
under the same condition. A refresh cycle is initiated 
by the Refresh Request input (REFREQ) going low. 
This low going input causes both the Start Cycle output, 
STARTCY, and Refresh On output, REFON, to golow att 


and (вас (or іяя) time respectively. The low going edge of 
STARTCY is used to set the external BUSY latch low. As in 
the previous two cases, the BUSY input must remain low for 
the entire cycle required by the memory. As in the previous 
two cases, the low going BUSY drives the STARTCY output 
high. 


Refresh Cycle — Memory Busy 

For this condition, itis assumed that the previous cycle was 
a system access cycle. Timing conditions for this operation 
are shown in Figure D. Here, the STARTCY input goes low 
tgs after BUSY returns high from the previous cycle. As 
before, REFON goes low іва after BUSY goes high. After 
{ного, relative to STARTCY, BUSY again goes low and 
places the low order refresh addresses on the address 
outputs (Og-O,) after tgan time. Internal refresh timing is 
performed in a manner identical to that described in 
Refresh Cycle-Memory Not Busy section. 














Simultaneous Refresh and Memory System Cycle Request 


The simultaneous request for arefresh and memory system 
access is almost a certainty in asynchronous systems. It 15, 
therefore, necessary to have circuitry in any refresh 
controller capable of resolving the attendent ambiguity with 
minimum additional delay. The Intel® 3222 Refresn 
Controller has just such a circuit. (All timing parameters 
specified for asynchronous operation assume thatarefresh 
and memory system request can occur at the same time.) А 
latch internal to the 3222 decides which signal (CYREQ or 


.. REFREQ) it will accept if both occur simultaneously, and 


conditions the other control circuits appropriately. if a 
refresh cycle was accepted, REFON will go low at the 
appropriate time. If a memory system access was accepted 





` then ACK will go low at the appropriate time. 
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Refresh Control 


The 3222 controls both burst and distributed refresh modes. 
The burst refresh mode requires that REFREO be generated 
externally to the 3222 since refresh is completed in 64 
consecutive cycies every 2ms. A system requiring distrib- 
uted refresh timing, however can be controlled either by the 
3222 or by external circuitry. If refresh timing is to be 
controlled by the 3222 the output Q is tied to the REFREQ 
input. Timing is controlled by an oscillator internal to the 
3222. The desired refresh timing interval is determined by: 


1. taer = .63 АхСх 
r 
Where: 
traes = the total time between refreshes (e.g. 2msec) in 
msec. 
r = the number of rows to be refreshed on the memory 
device (for the 21078 r = 64). 
Rx = external timing resistance in КО (ЗК to 10K) 
С, = external timing capacitance іп uf. (0.005utf to 
0.02 uf) 
The 3222's oscillator stability is guaranteed to be +2% for a 
given part and +6% from part to part, both over the ranges 
OC < TA < 75°C and Усс = 5.0V 15%. 


Figure F shows how the 3222 may be used to control refresh 
in a 2104A system. 


intel 3932 | 


ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 4K DYNAMIC RAMs 


в Ideal For 2104A a Address Input to Output Delay: 
a Simplifies System Design = СЕ hg iaaa ә 


в Reduces Package Count _ Suitable For Either Distributed 
в Standard 24-Pin DIP Or Burst Refresh 


a Single Power Supply: 
+5 Volts +10% 


The Intel® 3232 contains an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh 
of up to 6input addresses (or 4K bits for 64 x 64 organization). it multiplexes twelve bits of system supplied address to six output 
address pins. The device also contains a 6 bit refresh counter which is externally controlled so that either distributed or burst 
refresh may be used. The high performance of the 3232 makes it especially suitable for use with high speed N-channel RAMs 
like the 2104A. 

The 3232 operates from a single +5 voit power supply and is specified for operation over a 0 to +75°C ambient temperature 


range. 





PIN CONFIGURATION LOGIC DIAGRAM 








== 
NOTE: A, THROUGH A, ARE ROW ADDRESSES. Е 
As THROUGH A,, ARE COLUMN ADORESSES. | = 
TRUTH TABLE AND DEFINITIONS: 


REFRESH ADDRESS 
(FROM INTERNAL COUNTER) 


L COLUMN ADORESS 
(Ag THROUGH А!) 
COUNT — ADVANCES INTERNAL REFRESH COUNTER. 


ZERO DETECT — INDICATES A ZERO IN THE REFRESH ADORESS 
(USED IN BURST REFRESH MODE). 









| 
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Absolute Maximum Ratings* 


Temperature Under Bias -65° to +125°С 


з е 9 е е э е е е ө 9 э е е 


Storage Temperature «iusso eee ins -65° to * 160? C 
All Input, Output, or 

Supply Voltages iu a... .-0.5V to +7 Volts 
КОМНИН CUBE vater 100mA 
Power DISSIDAUOU sir cara AAA 1W 


"COMMENT: 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any cther conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 





D.C. and Operating Characteristics 
All Limits Apply for Усс = 5.0V +10%, Т; = 0°C to + 75°C 


-0.04 mA Vix z0.45V 


SYMBOL PARAMETER Г MIN. | ТУР] МАХ | TEST CONDITIONS 


Input Load Current | 


? о _| 1 | xA |у 55у 
Vi Input Low Voltage ИШ ах 08 V 
Vor Output Low Voltage 0.25 | 040 | V lo. = 5mA 
gm 28 4.0 У | low = ттд 
Мон! Output High Voltage 2.4 | ғ 22 V | Іон = —-1тА 
(Zero Oetect) 
Note 1. Typical values are for Ta = 25°C and Мсс = 5.0V. 


T» 
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A.C. Characteristics 
All Limits Apply for Vcc = +5.0V +10%, Ta = 0°C to 75°C, Load = 1 TTL, Сі = 250pF, Unless Otherwise Specified. 


[рама — [wm | re^ мах | омт | 


SYMBOL UNIT 

to] Address Input to Output Delay | | e | 9 | ns | 
taoi Address input to Output Delay НИКЕ ЊЕНЕ 
to | Row Enable to Output Delay — | 7 | те | 27 | m | 
too: Row Enable to Output Delay 12 МЕ ы 
teo [Refresh Enable to Output Delay | 7 | 14 | 27 | ns 
tco [ CounttoOuput | 15 | 40 | 60 | ns 
NE sio ERI E 
fc [Counting Frequency —— Y 5 | | MH | 
= Sount Pulse Width | | [№ 


Note 1: МСС = 5.0V, ТА = 25°C 
2: Сү = 15pF 


A.C. TIMING WAVEFORMS (Typically used with 2104A) 


NORMAL CYCLE 


ROW ENABLE 15V 


Ау Ат 





CONDITIONS 
Refresh Enable = Low! '? 
Refresh Enable = Low 


Refresh Enable = (ом!) (2 
Refresh Enable = Low 


Note 1, 2 _ 


Refresh Enable = High! (2) 
Refresh Enable = High 





Note 2 





REFRESH CYCLE 


REFRESH 


ENABLE 15V 


REFRESH ADORESS 


5,5, 


WE 
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PIN NAMES AND FUNCTIONS 





. Pin. Pin 
No. Name Function 
1 Count Input Active low input increments 
internal six bit counter by 
one for each count pulse in. 
2 Refresh Enable Active high input which 
Input determines whether the 
3232 is in refresh mode (H) 
or address enable (L). 
7,3,5,18, А-А, Inputs Row Address inputs. 
20,22 
8,4,5,17, | A4- An Inputs Column address inputs. 
19,21 
9,11,10, О-О, Outputs Address outputs to mem- 
16,15,14 ories. Inverted with respect 
to address inputs. 
12 GNO Power supply ground. 
13 Zero Detect Active low output which 
Output senses that all six bits of 
refresh address in the count- 
er are zero. Can be used in 
the burst mode to sense 
refresh completion. 
23 Row Enable High input selects row, low 
input input selects column addres- 
ses of the driven memories. 
24 Усс +5V power supply input. 





DEVICE OPERATION 


The Intel” 3232 Address Multiplexer/Refresh Counter 
performs the following functions: 


1. Row, Column and Refresh Address multiplexing 
2. Address counting for burst or distributed refresh. 


These functions are controlled by two signals: Refresh 
Enable and Row Enable, both of which are active high TTL 


inputs. The truth table on page 1 shows the levels required 
to multiplex to the output: 


1. Refresh addresses (from internal ccunter) 
2. Row addresses (A, through As) 
3. Column addresses (A, through Ал) 


Burst Refresh Mode 


When refresh is requested, the refresh enable input is high. 
This input is ANDed with the 6 outputs of the internal 6 bit 
counter. At each Count pulse the counter increments by 
one, sequencing the outputs (О,-О:) through all 64 row 
addresses. When the counter sequences to all zeros, the 
Zero Detect output goes low signaling the end of the refresh 
sequence. Due to counter decoding spikes, the Zero Detect 
output is valid only after tcz following the low going edge of 
Count. 








Distributed Refresh Mode 

In the distributed refresh mode, one row is selected for 
refresh each (taceresy/n) time where n = number of rows in 
the device and trerresm is the specified refresh rate for the 
device. For the 2104A їдєрдєҗн = 2msec and п = 64, there- 
fore one row is refreshed each 31 usec. Following the refresh 
cycle at row n,, the Count input is pulsed, advancing the 


_ refresh address by one row so that the next refresh cycle will 


be performed on row n,444. The Count input may be pulsed 
following each refresh cycle or within the refresh cycle after 
the specified memory device address hold time. 

Row and Column Address 

All twelve system address lines are applied to the inputs of 


^ the 3232. When Refresh Enable is low and Row Enable is 


high, input addresses А-А: are gated to the outputs and 
applied to the driven memories. Conversely, when Row 
Enable is low (with Refresh Enable still low), input 
addresses A.-A;, are gated to the outputs and applied to the 
driven memories. 


Figure 1 shows a typical connection between the 3232 and 
the 2104A 4K dynamic RAM. When the memory devices are 
driven directly by the 3232, the address applied to the 
memory devices is the inverse of the address at the 3232 
inputs due to the inverted outputs of the 3232. This should 
be remembered when checking out the memory system. 





Au 


| 

| 

Џ 
Ay 


REFRESH 
ENABLE 





Figure 1. Typical Connection of 3232 and 2104 Memories. 
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ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 16K DYNAMIC RAMs 


= Ideal For 2116 


= Simplifies System Design 
a Reduces Package Count 


a Standard 28-Pin DIP 


a Suitable For Either Distributed . 
Or Burst Refresh 


The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 64 or 
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh 
counter which is externally controlled so that either distributed or burst refresh may be used. The high performance of the 3242 
makes it especially suitable for use with high speed N-channel RAMs like the 2116. 


The 3242 operates from a single *5 volt power supply and is specified for operation over a Oto *75? C ambient temperature 
range. It is fabricated by means of Intel's highly reliable Schottky bipolar process and is packaged in a hermetically sealed 28 


pin Type D package. 


a Single Power Supply: 


+5 Volts +10% 


a Address Input to Output Delay: 


9ns Driving 15 pF, 
25ns Driving 250pF 





рм, 
РІМ CONFIGURATION 
COUNT 28] Vec 
REFRESH ENABLE (Д 2 27] Аб 
ROW ENABLE Г 13 261] Аз 
N.C.L 14 25 ] As 
А, 116 231 ЛА, 
А. LI? 221 ДА, 
Ag LJj8 21 A3 
A 149 20 А, 
A, L ] 10 19]. ] Os 
o, С" 18 L19; 
0,L 12 171,19, 
о, О 1з 16 106 
GNO (J 14 15 |] ZERO DETECT 
NOTE: Ag THROUGH Ag ARE ROW ADDRESSES. 
А; THROUGH A434 ARE COLUMN ADORESSES. 
TRUTH TABLE AND DEFINITIONS: 
REFRESH 
ENABLE 
REFRESH ADDRESS 
(FROM INTERNAL COUNTER) 
ROW ADORESS 
(Ag THROUGH Ag) 
COLUMN ADDRESS 


COUNT — ADVANCES INTERNAL REFRESH COUNTER. 








(A, THROUGH A44) 





ZERO DETECT — INDICATES ZERO IN THE FIRST 6 


SIGNIFICANT REFRESH COUNTER 


BITS (USED IN BURST REFRESH MODE) 


A13 O 


2 


ТОТА. 


-. 
— — — — «мə зь — — — — | — 


> 
Y 
LJ 


2 


REFRESH „ 
ENABLE 


ROW ~ 
ENABLE 


LOGIC DIAGRAM 












6 TOTAL 


7-BIT COUNTER 


аана иаа аини 
INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
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Absolute Maximum Ratings” 


Temperature Under Bias .............. -10? to +85°C 
Storage Temperature ................. -65° to *150* C 
All Input, Output, or 

Supply Vollages rasante -0.5V to *7 Volts 
Outset res са а ени» RE E A фан 100mA 
Power DISSIDANON: men ee 1W 


"COMMENT: 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


ё 








D.C. and Operating Characteristics 
All Limits Apply for “сс = 5.0V +10%, Ta = 0°С to + 75°C 


SYMBOL | PARAMETER m LTS. БЕЛШ 
lp Input Load Current -0.04 mA 


UNIT TEST CONDITIONS 


Vin = 0.45V, Note 2 














7 input Leakage Current — CI Ум = 5.5У 
Vit Input Low Voltage NNNM 
Vou Output High Voltage (Oo-O«) NEL MBA lou = —-1mA 
“оні Output High Voltage 2.4 3.3 — lou = -1mA 
(Zero Detect) 
Notes: 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 
2. Inputs are high impedance, TTL compatible, and suitable for bus operation. 
Packaging Information 
28 LEAD HERMETIC DUAL IN-LINE PACKAGE 
TYPE D 
1.470 (37.338) 
|o (36.322) 
ТЕ 
— је 530 aoe 
510 (12.954) 
.625 
МАХ. 
(15.875) 
A аи пене iu 1.180 (4.572) | | 
"EN E i5. рый — Y 1140 (3.556) la 
‚0 3 
"me amisso] | || oen m m 
‚110 (2.794) [ere 0271 700 
| "= TYD ie .023 (0. = rem ne 
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. . . Characteristics 
All Limits Apply for Vcc = +5.0V +10%, Ta = 0°C to 75°C, Load = 1 TTL, Сі = 250pF, Unless Otherwise Specified. 


SYMBOL ENT A d CONDITIONS 


tao 


tao: 


too 


too: 


teo 
teo: 
tco 


tcoi 


fc 
(См 


іс? 


Address | Address Input to Output Delay | to Output Delay 


Address Input to Output Delay pie 


Row Enable to | Row Enable to Output Delay | Delay 


Row Enable to Output Delay жы 


Refresh Enable to Output Delay | 7 | ла | 27 Im 
пина ran oma ar HM NM иш ин 


| Countto Output 202 0-4 to | CounttoOutput | 


[Counting Frequency | | |5 MH | 
Count Puise with | 3 | | [ns 
[ GounttoZeroDetect |15) | 70 | ns 


| 9 | пе | Refresh Enable = Low 2! 3) 


Refresh Enable = Low 


Refresh Enable = Low 2) З! 
Refresh Enable = Low 


[Row Enable to Output Deny — | 7 | V | о 


Notes 2, 3 


Refresh Enable = High!) 3) 
Refresh Enable = High 


Note 3 


Notes: 1. Typical values are for TA = 25°C and Vcc = 5.0V. 
2. TA = 25°C, Vcc = 5.0V. 


3. С, = 15 pF. 


A.C. TIMING WAVEFORMS (Typically used with 2116) 


_ NORMAL CYCLE 


ROW ENABLE 


Ag - A43 


REFRESH 
ENABLE 


REFRESH CYCLE 


REFRESH 
ENABLE 











2.4V 


X 0.8V 





DON'T CARE ROW ADDRESS COLUMN ADDRESS 





1.5V 











ADDRESS 


2.4V - V \ / 
REFRESH ADDRESS Й REFRESH ADDRESS 
0.8V | a IN 
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PIN NAMES AND FUNCTIONS 








Pin Pin 

No. Name Function 

1 Count Active low input increments internal 7- 
Input" bit counter by one for each count pulse 

in. 

2 Refresh Active high input which determines 
Enable whether the 3242 is in refresh mode (Н) 
Input” ог address enable (L). 

9,5,7,21, Ag—Ag Row address inputs. 

23,25,27 Inputs” 

10,6,8,20, A7—A13 Column address inputs. 

22,24,26 Inputs“ 

11,13,12, Оо—Ов Address outputs to memories. Inverted 

18,17,16, Outputs with respect to address inputs. 

19 

14 GND Power supply ground. 

15 Zero Active low output which senses that the 
Detect six low order bits of refresh address in 
Output the counter аге zero. Can be used in the 

burst mode to sense refresh completion. 

3 Row High input selects row, low input selects 
Enable column addresses of the driven memo- 
Input” ries. 

28 Vcc +5V power supply input. 


*The inputs are high impedance, TTL compatible, and suitable for bus 
operation. 


DEVICE OPERATION 


The Intel® 3242 Address Multiplexer/Refresh Counter per- 
forms the following functions: | 


1. Row, Column and Refresh Address multiplexing. 
2. Address Counting for burst or distributed refresh. 


These functions are controlled by two signals: Refresh Enable 
and Row Enable, both of which are active high TTL inputs. 
The truth table on page 1 shows the levels required to multi- 
plex to the output: 


1. Refresh addresses (from internal counter). 


2. Row addresses (Ag through Ag). 
3. Column addresses (Аҙ through» A13). 


Burst Refresh Mode 


When refresh is requested, the refresh enable input is high. 
This input is ANDed with the seven outputs of the internal 
7-bit counter. At each Count pulse the counter increments by 
one, sequencing the outputs (Og—Og) through 128 row ad- 
dresses. When the first six significant bits of the counter 
sequence to all zeros, the Zero Detect output goes low, 
signaling the end of the refresh sequence. Due to counter de- 
coding spikes, the Zero Detect output is valid only after tcz 
following the low-going edge of Count. The Zero Detect out- 
put used in this manner signals the completion of 64 refresh 
cycles. To use the 128-cycle burst refresh mode, an external 
flip-flop must be driven by the Zero Detect. 














Distributed Refresh Mode 


In the distributed refresh mode, one row is selected for refresh 
each (tngenesu/n) time where n = number of refresh cycles 
required for the device and ТДЕЕВЕ5Н is the specified refresh 
rate for the device. For the 2116 івервезн = 2 msec апа п = 
128 or 64, therefore, one row is refreshed each 15.5 or 31 
usec, respectively. Following the refresh cycle at row пу, the 
Count input is pulsed, advancing the refresh address by one 
row so that the next refresh cycle will be performed on row 
Пх+1. The Count input may be pulsed following each refresh 
cycle or within the refresh cycle after the specified memory 


device address hold time. | | 


All 14 system address lines are applied to the inputs of the 
3242. When Refresh Enable is low and Row Enable is high, 
input addresses Ag—Ag are gated to the outputs and applied to 
the driven memories. Conversely, when Row Enable is low 
(with Refresh Enable still low), input addresses Ај—А13 are 
gated to the outputs and applied to the driven memories. 
Figure 1 shows a typical connection between the 3242 and the 
2116 16K dynamic RAM. When the memory devices are 
driven directly by the 3242, the address applied to the mem- 
ory devices is the inverse of the address at the 3242 inputs due 
to the inverted outputs of the 3242. This should be remem- 
bered when checking out the memory system. 





Row and Column Address 





Os As 
A13 e 
| 
| 
| 
l E 
Ao 


REFRESH ZERO DETECT 


ENABLE 


ROW 
ENABLE 


COUNT 


As As 
| 
| 
| 2116 2116 
| Ао 


Figure 1. Typical Connection of 3242 and 2116 Memories. 





Printed in U.S.A.-C127-0377-2K-CG-TP 


Intel Schottky Bipolar 3245 


QUAD TTL-TO-MOS DRIVER 
For 4K N-Channel MOS RAMs 


в Fully Compatible With 4K RAMs s High Density — Four Drivers in 
Without Requiring Extra Supply One Package 


" "nme ve a TTL & DTL Compatible Inputs 
= High Speed, 32 nsec Max. — = CerDIP Package — 16 Pin DIP 


Delay + Transition Time sip ne | | 
" Low Power — 75mW Typical еее 


Per Channel 


The Intel® 3245 is a Quad Bipolar-to-MOS driver which accepts TTL and DTL input signals. It provides 
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as 
the 2107B. The circuit operates from two power supplies which are 5 and 12 volts. Input and output clamp 
diodes minimize line reflections. 


ты The device features two common enable inputs, a refresh select input, and a clock control input for 


simplified system designs. The internal gating structure of the 3245 eliminates gating delays and mini- 
mizes package count. Ä 


PIN CONFIGURATION LOGIC DIAGRAM 
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Absolute Maximum Ratings" ё 
Temperature Under Bias ........... -10°C to 85°C 
Storage Тетрегашге............ -65°С to +150°С 
Supply Voltage, Мсс .............. -0.5 to +7V 
Supply Voltage, Мрр .............. -0.5 to +14V 
All Input Voltages ... Se Gags DEN -1.0 to Vpp 
Outputs for Clock Driver......... -1.0 to Vpp *1V 
Power Dissipation at 250................. 2W 


*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D.C. Characteristics 
TA =0°С to 75°С, Мс =5.0\/ *5%, Vpop = 12V 35% 


Гено Рея [мет [Me | Unie | Ten condo — 
Tie [nore EIA — 

[bate input Leakage Coron | | o [mA [уу oo 
RN [aa ER TI RN 


Кж Output Low Voltage pp mer Ei - mA 


Е. AP он = -1mA, Vi, = 0.8V b 
Output High Voltage 


POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION 


Test Conditions — Input states to Additional Test 
Symbol Parameter ; ds 
ensure the following output states: Conditions 


Current from Vec 
















‚Current from Vpp 






"E High 
Power Dissipation 







Power Per Channel Vcc = 5.25V 


Vpp = 12.6V 













Current from Vec 
Current from Мр 
Power Dissipation 


Power Per Channel 
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A.C. Characteristics т, = 0° to 75°C, Vec = 5.0V + 5%, Мор = 12V +5% 
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Delay Plus Rise Time Rseries = 2022 


NOTES: 1. CL = 150pF These values represent a range of 
2. С, = 200pF total stray plus clock capacitance 
3. Сі = 250pF for nine 4K RAMs. A.C. CONDITIONS OF TEST 


4. Typical values are measured at 25' C. 


Capacitance* т, = 25°с 


тты] те ту [Mox [шш 
пра банак ГАД [з [а | oF 
см Гра сааат RE | в [12 | oF 


Input Pulse Amplitudes: 3.0V 

Input Pulse Rise and Fall Times: 5 ns between 
1 volt and 2 volts 

Measurement Points: See Waveforms 







RsERIES 
*This parameter is periodically sampled and is not 100% tested. 
Condition of measurement is f = 1 MHz, Vbias = 2V, Усс = OV, e 
and TA = 25°С. — 


7^ Waveforms MCN 
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Typical Characteristics 





INPUT TO OUTPUT DELAY DELAY PLUS TRANSITION TIME 
VS. LOAD CAPACITANCE ` VS. LOAD CAPACITANCE 
40 
40 
30 
om, = 30 - 
і Н 20 tor 
+. 20 e 
‘or 
10 ” 
| 
% 100 200 300 400 500 600 9% 100 200 300 400 500 


LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) 
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Typical System 


Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 3245 quad high voltage 
driver for the chip enable inputs. A single 3245 package drives 16K x 9 bits. Ag through A44 are 2107B addresses. 


-———— (9 210785) ——— CARD A -——— —— (9 21078) —— 
(ROW 4L) (ROW 4R) 


DRIVER 2 
CHIP ENABLE 3245 CHIP ENABLE 


10,0, 
а, о, (ROW 3R) 


(ROW 3L) 


CHIP ENABLE CHIP ENABLE 


(ROW 2L) (ROW 2R) 
DRIVER 1 
CHIP ENABLE 3245 CHIP ENABLE 
O, 0, 
| (ROW 1L) E 0, O4 (ROW 18} 


CHIP ENABLE CHIP ENABLE 





3245 Logic Diagram « 


Е, 
SEE TABLE 1 с к 
E2 
SEE TABLE 1° 
DRIVER1 8507), h І У 4 CHIP ENABLE 


DRIVER 2 (852)! Ly e Ere таныс навео TABLE 1 


DRIVER 1 ASI2) с B шы ў CHIP ENABLE | _ INPUTS | 
: CARD | Е | Е, 


j 
DRIVER 2 [ASIA] (ROW 10) ND CONES. See 
A | ENABLE M | ENABLE P 














CHIP ENABLE , ENABLE M | ENABLE Q 
(ROW 1R) | ENABLEN ENABLE P 
ENABLEN | ENABLE О 
R 
CHIP ENABLE 
mmc (ROW 2R) 
REFRESH , 
ENABLE DRIVER #2 
OUTPUTS 
CONNECTED IN 
CHIP ENABLE SIMILAR MANNER 
. 7408 
Н | 
= р | ENABLE М 
> | | руне 
BES A 
Ai 8501) m Nb | ENABLE Ч 
Аја INTEL® RS(2) | | 
3205 RS(3) Ais Т | ENABLE Р 
GND с 10F8 ASIA) | | 
BINARY 7404 | | 
DECODER | | 


№. © | --.----““------------- 
REFRESH , Li] 4 EARS O 


ENABLE | | 


| | | 
REFRESH 
ENABLE қ 
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„~ 
| 21044-3/2116-3 AND 2104A-4/2116-4 
COMPATIBLE 4K x 1 AND 16K x 1 DYNAMIC RAMS 
= Highest Density 4K and 16K " # 10% Tolerance on all Power 
RAMs: Industry Standard Supplies: *12V, +5V, —5V 
Не ут Ран s On-Chip Latches for Address 
= Low Power and Data-In 


= All Inputs Including Clocks TTL „ Output is Three-State TTL 


Compatible Compatible; Data is Latched 
2 MS Refresh Period and Valid Into Next Cycle 


-Шһе Intel® 2104A (4096-word by 1-bit) and 2116 (16,384-word by 1-bit) MOS RAMs are fabricated with N-channel silicon 
e technology — a production proven process for high performance, high reliability, and high functional density. The 
unique storage cell design and dynamic circuitry of the 2104A and 2116 provide high speed, low power dissipation, and wide 
operating margins. Their efficient designs permit packaging in the industry standard 16-pin dual-in-line package. The 16-pin 
package provides the highest system bit densities and is compatible with widely available automated handling equipment. As 
shown below, the pin configurations of the 2104A and 2116 facilitate upgrading of 4K RAM systems to 16K capabilities. 


The use of the 16-pin package is made possible by multiplexing the address bits (12 for the 2104A and 14 for the 2116) into 
6 input pins for the 2104A and 7 input pins for the 2116. The two address words are latched into each device by the two 
TTL clocks, Row Address Strobe (RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use 
of the multiplexing technique while maintaining high performance and compatibility between the 2104A and 2116. 


The 2104A and 2116 are designed for page made operation, RAS-only refreshing, and CAS-only deselection. 


ААА 


РІМ CONFIGURATION LOGIC DIAGRAM PIN CONFIGURATION LOGIC SYMBOL 


% TO FACILITATE IN- 
TERCHANGEABILITY 
BETWEEN 2104A AND 
2116, CS SHOULD NOT 
BE USED FOR DEVICE 
SELECTION. SEE PAGE 
7 FOR DETAILS. 





Ag—Ag& ADDRESS INPUTS WE WRITE ENABLE 


CAS COLUMN ADDRESS STROBE “вв POWER (-5V) 





Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit.patent licenses are implied. 
The parametric values given in this data sheet are for system application use only. Please refer to the 1977 Intel Data Catalog for device specifications. 


© Intel Corporation, 1977 FEBRUARY 1977 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias...... -10°C to +80°C 
Storage Temperature ............- -65^C to +150°C 
Voltage on any Pin Relative to Vgg 

(Vss - Мвв > 4.5У)............. -0.3V to +20V 
Power Dissipation .... 2 eee ee m I Ir 1.0W 


D.C. AND OPERATING CHARACTERISTICS"! 


ТА = 0°C to 70°C, Мрр = +12V 510%, Усс = +5V 310%, Vgg = -5V +10%, 


SYMBOL 


Ірі 3! 


Vgg Standby Current 


Operating Vpp Current 
(Device Selected) 


Output Leakage Current for 
High Impedance State 











1502 [3] 


Operating Vgg Current 


l882 


ее 


*COMMENT: Stresses above those listed under "Absolute Maxi- Q 
mum Ratings” may cause permanent damage to the device. This 

is a stress rating oniy and functional operation of the device at 

these or any other conditions above those indicated in the opera- 

tional sections of this specification is not implied. Exposure to 

absolute maximum rating conditions for extended periods may 

affect device reliability. 


Vss = OV, unless otherwise noted. 


CONDITIONS 
1 90 | ва [мат Veum Via 


Chip deselected; RAS and CAS at Vin 
Vout = Ото 5.5V 










CAS and RAS at Уін. Chip deselected 
prior to measurement. See Note 5. 


29 mA 2104A-3 | ісус = 415 ns, 


| 


Device selected. Mininum cycle time. 





ША 
ША 
V 


Input High Voltage (any input) 


Мон Output High Voltage 


CAPACITANCE!®! тд 25°С 


SYMBOL 


Input Capacitance (Ag—As), Din, CS 


LIMITS 
TEST 2104A | 2116 MAX. | UNIT 
TYP. TYP. 


WERE 


CONDITIONS 


Vin = Vss 


TES: 


1. All voltages referenced to Vss. The only requirement for the sequence of applying voltages to the device is that Мор, Vcc. and Vss 


should never be 0.3V or more negative than Vgg. After 


the application of supply voltages or after 


extended periods of operation with- 


cut clocks, the device must perform a minimum of one initialization cycle (any valid memory cycles containing both RAS and CAS) 
prior to normal operation. To avoid self-ciocking, RAS should not be allowed to float. 


Typical values are for Ta = 25? C and nominal power supply voltages. 
. The Ipp current flows to М55. 

When chip is selected Vcc supply current 
The chip is deselected; i.e., output is brought to 
Capacitance measured with Boonton Meter. 


high impedance state 


оловом 


Q 


is dependent on output loading. VCC is connected to output buffer only. 


by CAS-only cycle. 


Ga tw Trt SJ шш а 8 wu > Га _ = ur == = se «шо = = = = 





A.C. CHARACTERISTICS!!! 
т = 0°C to 70°C, Уро = 12V +10%, Vec = 5V +10%, Vgg = -5V +10%, Vss = OV, unless otherwise noted. 


READ, WRITE, AND READ MODIFY WRITE CYCLES 


MIN. MAX. MIN. MAX. | 
а N cc ро СЗ 
СЛИЗИ ай | РОССИ SL 


ов [CAS ене 2222122... 

"esa аана ЕО 

ен И-ТИ ЕО 

Fan [RAS to Address or ноти _________| њо | 

Паза | Row Address SecUpTime | 0 o o 

Column Address or CS Set-Up Time 0 

нән | Row adare Hoia Time р | 

сан [Column Ade or E 

| __| A AN 89 
| 0 6. 
150 

3 
















| КОРЕ _ | Output Buffer Turn-Off Delay 


САС! Access Time fram CAS 
Access Time from RAS | 280 | 






READ CYCLE 












300 32000 330 32000 
150 10000 190 10000 


2104A-3/2116-3 | 2104A-4/2116-4 UNIT 
MIN. MAX. MIN. MAX. 


300 32000 | 330 32000 | ns | 
150 10000 | 190 10000 | ns | 






ах аран: pea ЖЕ 
WC A КІ мк M. M 
Wc MNA EE CUN 
[ 10 — Timo ___| ~ 
WC NEN E AMEN 
| 180 — | 16 | | 
__о __| о ___| ~ 
| 000 ____|15 es 
| 200 ____| 25 | ~ 


45*NOTES: 
777 1. All voltages referenced то Vsg. A.C. measurements assume tT = 5 ns. 


2. Operation within the tRCL (MAX) limit insures that {ВАС (MAX) сап be met. tRCL (МАХ) 1$ specified for reference only. If tmc, is 
greater than tRCL (МАХ) the access time is controlled exclusively by tc AC. Operation with tRCL in excess of 2000 ns is not guaranteed. 

3. Load = 1 TTL and 50 pF. See Application Information. 

4. The minimum cycle timing does not allow for tT or skews. 

5. In a write cycle Dout latch will contain data written into cell. In a read-modify write cycle DQuT latch will contain data read from cell. 
If WE goes low after CAS and prior to tcAC, DOUT is indeterminate. 


3 





WAVEFORMS 
READ CYCLE 


tac 


'RAS tap 
VIH 


VIL {СЯР 


мїн 
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VIL 
tcp 


мн 
ADDRESSES 


VIL 
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VIL 


“ясн 
VIH 


VIL 


TRAC 
“САС 
‘OFF 


VOH 
(3) HIGH IMPEDANCE VALIO 
' DATA OUT 


VOL @) 


DOUT 


WRITE CYCLE 








VIH (9 
> NO I «яв — 
VIL | | 
| m > = | 
| бен el 
VIH 
CAS 
VIL 


аі. І 


| ‘CAS | is top 
'ASR ван —= 'ASC рн “САН | 
Vin | 
| 
(1) ROW COLUMN 
ADDRESSES (3)| ADDRESS KX ADDRESS | 


VIL 





‘AR 


| Муса we 
VIH . 'ASC САН 


VIH — 'wcs 'wCH 
| 


VIL 


VIH | 


DIN 1% (2) 


VIL | | 
'RAC 
VOH (3) HIGH IMPEDANCE = 
DouT A 
(4) 
VoL — 


(Зее page 5 for Notes.) 
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AC. CHARACTERISTICS" 
= 0° to 70°C, Мрр = 12V +10%, Усс = 5V +10%, Vag = -5V 110%, Vss = OV, unless otherwise specified. 


READ-MODIFY-WRITE CYCLE : 


















M wa 
awe [1 Raamaa We C e mH — | se [ва | m 
how | cy CAS — | xo [жэ __| w 
Lem __| — mWwceeRREwam ЕО | 9o — ОЕ 
Lm. | Cy RAS Lend me [ае [ж ОЕ 
hom [MW Cycle CAS hoa Time [о [жю {| мо 
hom [Write Command to EAS Lead Tine — | но | 0 | m _ 
Ew [Wie Command Pula win — | 39 [ою [т — 
Has [Rete Command'SerUp Time [о | 9 БЕСІНЕ 
"wo ПОС —— | 9 | 9 е БИИ 
ы С [о | 9 СЗ 
Hw __| Daten Hols Tine —— — ЕЕ: [з БЕГІНЕ 


NOTES: 1. All voltages referenced to М55. A.C. measurements assume tT = 5 ns. 
2. The minimum cycle timing does not allow for ty or skews. 








READ-MODIFY-WRITE CYCLE 
om tawc 
дам tap 

VIH 

RAS ©) 
VIL 

САР 

25 VIH 

CAS 
Vie 

tcp 
'ASR tasc = {САН tcwt 
Уін ROW COLUMN 
(2) TAR 
tasc “САН 
VIH 
a E 
VIL 
bu: ML ы 
VIH 3 
VIL e 
“нм 

VIH 

ом р CEA 
Шы NEAT AATEC 

ВАС (2) 
à САС 
Мон сова a HIGH 
. IMPEDANCE VALID 
DouT | (©)  parAOUT 
“утчу VOL (4) 


NOTES: 12. VIH MIN AND Ми. MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
34. УОН MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF DOUT. 
5. INAWRITE CYCLE, DoUT LATCH WILL CONTAIN DATA WRITTEN INTO CELL. IN A READ-MODIFY- 
WRITE CYCLE, DOUT LATCH WILL CONTAIN DATA READ FROM CELL. IF WE GOES LOW AFTER 
CAS AND PRIOR ТО tc Ac. DOUT IS INDETERMINATE. 








APPLICATIONS INFORMATION 


ADDRESSING 


A 2104A/2116 address multiplexer-decoder circuit is 
shown in Figure 1. The circuit uses an Intel® 3242 address 
multiplexer/refresh address counter device and an Intel® 
3205 one-of-eight decoder device. Equivalent circuitry 
could be implemented with TTL MSI if desired. 


The 2104A requires 12 address bits multiplexed into 6 
address input pins plus a Chip Select (CS) input. The 2116 
requires 14 address bits multiplexed into 7 address input 
pins and no CS signal. Rather than requiring jumpers or 
strapping at each address multiplexer input pin, the address 
assignments shown in Figure 1 are "scrambled" to mini- 
mize the strapping requirements as much as possible. This 
address scrambling affects only the column addresses to the 
2116. It results in the column address to the memory 
devices progressing in the order 0,2,4,6,..., 124, 126, 1, 
3, 5, 7,..., 125, 127, as the column address bits (Ag 
through Аз) from the processor progress іп the order 0, 1, 
2,3,4,...,125, 126, 127. This does not affect refreshing, 
since only the column address bits are scrambled. No sys- 
tem effects will result from this technique but it is neces- 
sary to be aware of the addressing characteristics while 
troubleshooting the system. | 


The circuit of Figure 1 assumes a memory board configura- 
tion of four rows of memory devices (16K words X n-bits 


with the 2104A or 64K words X n-bits with the 2116). It 
also assumes that row selection will be via RAS gating for 
both the 2104A and 2116 and that the RAS-only “є 
mode will be used with both devices. The address deco 

for row selection and RAS gating is performed by the 3205. 
Only address inputs Ag and A4 of the 3205 are used and 
the E3 enable input is used to inhibit the address decoding 
during refresh cycles. 






Processor address bits A42 and A43 are decoded by the 
3205 when the 2104A is used (14 system address bits total) 
and address bits A44 and A45 are decoded for row selection 
with the 2116 (16 system address bits total). This requires 
strapping of the proper system address bits into the 3205 as 
indicated in Figure 1. 


The 74S00 quad NAND gate is used as an inverting OR gate 
configuration to provide either 1-of-4 RAS enables during 
data cycles or 4-of-4 RAS enables during refresh cycles to 
refresh all rows at once. 


The 3242 includes the refresh address counter and the 
counter is incremented following each refresh cycle by the 
high-to-low transition of the REFRESH ENABLE signal at 
the 3242 COUNT input. 





REFRESHING 


RAS-only refresh cycles are used for both the 2104A and 
2116 for compatibility and for minimum power dissipation. 
Use of RAS-only cycles saves approximatley 20% in power 
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Figure 1. Address Multiplexer-Decoder Circuit for 2104A and 2116. 
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kre 2. Recommended Printed Circuit Board Layout for 2104A or 2116. 


nn 


dissipation vs. read cycles with both devices. For simplicity, 
128 refresh cycles each 2 milliseconds can be performed 
for both the 2104A and 2116. This refreshes the 2104A 
twice as often as necessary but it eliminates the need for 
changing the refresh timing logic when changing between 
the 2104A and 2116. If only 64 refresh cycles with the 
2104A are desired, the refresh request timing can be 
changed from 15.5 microseconds to 31 microseconds when 
the 2104A is used. | 


POWER DISTRIBUTION/DECOUPLING 


The recommended printed circuit board layout for the 
memory device array is shown in Figure 2. Notice that each 
power supply distribution system in this double-sided lay- 
out is gridded both horizontally and vertically at each 
device location. This technique provides for a low induc- 
tance, high quality power distribution system which per- 
forms as well as multi-layered layout techniques. 


When the layout of Figure 2 and the following recom- 
mended decoupling capacitance values are used, power 
supply noise levels within the memory device matrix will be 
within the required operational limits for the 2104A and 
2116. 


ommended decoupling for the 2104A is as follows: 


Jpop — А 0.1 uF ceramic capacitor between Моб and 
Vss at every other device location. A 10 uF 


tantalum or equivalent bulk capacitor adjacent 
to the array for each 16 devices in the array. 


А 0.1 uF ceramic capacitor between Увв and 
Vss at every other device location (preferably 
alternate devices to the У ор decoupling). 


Vs - 


А 10 uF tantalum or equivalent bulk capacitor 
adjacent to the array for each 32 devices in the 
array. 


Vcc — A 0.01 uF ceramic capacitor between Vcc and 


Vss for each 8 devices in the array. 


Recommended decoupling for the 2116 is the same as for 
the 2104A with the following exceptions: 


“ор — Use 0.33 ШЕ ceramic capacitors rather than 0.1 
ur. 
Use a 20 uF tantalum rather than a 10 ДР. 


A common configuration would be to use 0.33 uF ceramics 
for Мрр decoupling with both the 2104A and 2116. Also 
use a 4.7 uF tantalum оп Мур for each 8 devices in the 
array. The Vgg and Vcc decoupling would use the recom- 
mended values for the 2104A. This configuration would 
yield acceptable results with both the 4K and 16K devices 
and would most likely be more economical than using two 
different configurations. 


] TY | 

e 

A: & : 

" { ul 
“ 





‚ 2108-2 AND 2108-4 
8192 X 1 BIT DYNAMIC RAM 


51572,51573 | 51626,51627 

Мах. Access Time (ns) | 200 | 330 9 
Read, Write Cycle (ns) | 350 | 425 | 
| | 400 | 595 | 
















Read-Modity-Write Cycle (ns) 
= ЗК RAM in Industry Standard 16 Pin m Only 64 Refresh Cycles Required Every 2 


Package ms 

= Low Standby Power ш On-Chip Input Latches 

m All Inputs Including Clocks TTL Com- m Output is Three-State, TTL Compatible; 
patible . Data is Latched and Valid into Next Cycle 


m Standard Power Supplies +12V, +5V,-5V ш Fully Compatible with 4K and 16K 
Dynamic RAMs 


The Intel®2108 is a 8K Dynamic MOS RAM organized as 8192 words by 1 bit. The 2108 employs the same masks and highly 
reliable, production-proven two layer polysilicon N-MOS technology as the Intel®2116 16K RAM. As shown in the block 
diagram below, the 2116 is organized as two 8K RAMs on a single silicon die. Each of these 8K RAMs contains its own row 
decoders, sense amplifiers, and storage cells. The 2108 is fully tested to insure that one 8K RAM meets all AC and DC spec- 
ifications. 


The 2108 is available as either the upper or lower half of the 2116. Address Ag selects the operating half. For 51572 or 
77427, Ag should be high (Мун) during row address strobe (RAS). For 51573 or 51626, Ag should be low (Vii) during RAS. 

¿use of the Intel® 3242 Address Multiplexer/Refresh Counter with а 2108 is described on page 2-66. The 2108 is pack- 
aged in the industry standard 16-pin DIP which is compatible with widely available automated handling equipment and facili- 
tates easy upgrading from 2104A-type 4K RAM Systems and up to 2116-type 16K RAM Systems. 


As in the 2104A-type 4K RAM and 2116-type 16K RAM, the 2108 has non-critical clock timing requirements which allow use 
of addressing multiplexing while maintaining high performance. Three methods of refreshing are permissable; they are de- 
scribed in the applications section of this data sheet. 


The 2108 will provide the same reliable operation in its system usage as any Intel product. Information on the details of 
reliability tests performed on the 2108 and field data on the use of partial devices are available from Intel Corporation. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
NEU. 

са 
mr xdi RES 


NN 
128 COLUMN 
DECODERS 


PACIEN, 
Y A 
Ж 
pecovens| [анец 


ROW COLUMN 
LATCHES| |LATCHES 















$1573, 


$1626 (A6L) 





— аа 


рана 
——GND 





PIN NAMES ЕЗ — 
~ пи i» i LATCH AND [= Dour 
Ом багам | Veg POWER (*6V) | 
"бол DATAOUT — — Гор POWER (12V) 
Уа _GROUND 
*$1572 & 51627: A, SHOULD ВЕ AT V, DURING RAS 
51573 & $1626: А, SHOULD BE AT V, DURING RAS 










INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
o INTEL CORPORATION, 1977 APRIL 1977 





Absolute Maximum Ratings” 






"COMMENT | 
Ambient Temperature Under Bias ........ -10°C to +80°C Stresses above those listed under “Absolute Maximum “4 
Storage Temperature -65°C to +150°C may cause permanent damage to the device. This is a stress ratin 


А Е only and functional operation of the device at these ог any other 

Voltage on any Pin Relative to Увв | conditions above those indicated in the operational sections of this 
(Vss - Vag 24V) ............... -0.3V to +20V specification is not implied. Exposure to absolute maximum rating 

Power Dissipat ІШЕ нц асанна ар 1.25W conditions for extended periods may affect device reliability. 


D.C. and Operating Characteristics 111.12! 
Ta =0°Сто 70°C, Voo = +12V +10%, Усс = +5V Б Мав = -5V +10%, Vss = OV, unless otherwise noted. 


Limits 


Symbol Parameter | Min. | Тур. | Unit Conditions 
Typ.) | Мах. | 

Input Load Current | Input Load Current (any input) — input) es ee ere —"——^— Vin = Ми. min 10 Мін MAX 

Il al Output Leakage Current Chip deselected: RAS and CAS at Уін 
LO for high impedance state Vout = 0 to 5.5V 
loo1 | Мор Supply Current | Supply | Мор Supply Current | CAS and RAS at Уін or CAS-only 
cycle. Chip deselected prior to 
lae: | Vas Supply Current ac measurement. See Note 5. 
Device 


lpp2!4! Operating Мор Current гіме 
Igg2 Operating Vgg Current a Device selected 


вс, Vcc Supply Current when 
deselected « 

ViL Input Low Voltage (any input) -1 МЕКЕ 

ViH Input High Voltage (any input) 2.4 шана 

VoL Output Low Voltage | | 00 | | o4 | V | Іо! = 4.1 mA (Read Cycle Only) 

VoH Output High Voltage | 24 | {ме |У | Іон = -5 mA (Read Cycle Only) 





Capacitance [8] ТА = 25°С, Voo = 12V +10%, Vcc = BV +10%, Увв = -5V +10%, “5 = OV, unless otherwise noted. 


Symbol оный BR: SEN ии Conditions 


Notes: 
1. All voltages referenced to Ves. No power supply sequencing is required but Мор, Vcc, and Vss should never be 0.3V or more negative than Vgg. 
2. To avoid self-clocking, RAS should not be allowed to float. 
3. Typical values are for Ta = 25°C and nominal power supply voltages. 
4. For RAS-only refresh Ipp = 0.78 1002. For CAS-before-RAS (64 cycle refresh) Ipp = 0.96 1002. 
5. The chip is deselected (i.e., output is brought to high impedance state) by CAS-only cycle or by CAS-before-RAS cycle. The current flowing 
in a selected (i.e., output on) chip with RAS and CAS at V¡y is approximately twice Ipp1. 
. See Page 2-62 for typical 100 characteristics under other conditions. Q 
. When chip is selected Vcc supply current is dependent on output loading; Vcc is connected to output buffer only. i 
8. Capacitance measured with Boonton Meter. 
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TYPICAL CHARACTERISTICS _ Standby Power Calculations: 


/ 


Igg2 AND 1002 VS. TEMPERATURE 


Puer = Pop (NS =) + Рев (1- N 1516) where 





Pop = Же dissipation — continuous operation = Мрр x 1002. 
N = Number of refresh cycles (64). 
tcvc = Cycle time for a refresh cycle. 


{ВЕР = Time between refreshes 


Бо? (mA) 
Баз WA) 


Рев = Standby power dissipation = Мор x [501 + IVgg! x leg 
Note that 1002 depends upon refresh as follows: 


1. For (RAS before CAS) use 1002 from Figures 1 and 2. 





2. For (CAS before RAS) multiply 1602 determined in (1) by 0.96. 


3. For (RAS only) multiply 1002 determined in (1) by 0.78. 
TEMPERATURE (^C) 


Figure 1. Examples of typical calculations for Vgg = -5.0V, Vpp = 12.0V, 


ТА = 25°C, ісус = 0.425 us, tras = 0.3 us. {ВЕРЕ = 2000 us: 
1. 128 cycle (RAS before CAS): Pop = 12.0V x 43 mA = 516 mW 


0.425 
2245 + (12x1.2+5x0.001) (1-128 2000! 


Ipp2 VS. CYCLE TIME 


PREF = 516 (128 





Prer = 28.0 mW 


2. 64 cycle (CAS before RAS); Pop = 12.0V x 43 (0.96) mA = 
495 mW. 


ор: (mA) 





2 * (12x1 2+5x0. 001) (1-64 9222 


PREF = 495 (64 5 2000 2000) ^ 


РАЕР = 20.9 mW 





3. 128 cycle (RAS only): Pop = 12.0V x 43 (0.78) mA = 402 mW 


Така iem Prer = 25.0 mW 
Figure 2. 
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0 400 600 (ns) 200 400 600 (ns) 600 (ns) 


400 600 (ns) 


— CAS BEFORE RAS RAS ONLY REFRESH 
-” ВЕАО CYCLES READ-MOOIF Y -NRITE (FOR 64 CYCLE REFRESH) 
|: Increase in current due to WE going low. Width of this 
current pulse is independent of WE pulse width. 


Figure 3. Supply Current Waveforms. 





|. . Ul 
A.C. Characteristics 
Ta=0°C to 70°C, Vop=12V +10%, Vec=5V +10%, Vgg=-5V +10%, Vgs=0V, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


_ 21 я ш Gm _ 
Symbol Parameter Unit 


ШШ rauen Te : 


READ AND REFRESH CYCLES 


2108-2 . 2108-4 
Symbol Parameter Min. Max. Min. Max. Unit 


сус! | Random Read Cycle Time — | Read | Random Read Cycle Time | Time 5 = 425 ns 


WRITE CYCLE 


| 2108-2 кы 08-4 
is Parameter Min Max. Max. Unit 


сус? Random Write Cycle Time NM вин OMNEM ns 


tRAS RAS Pulse Width 275 32000 330 32000 ns 


tom. __| Write Commande CAS Lead Time — | 39 Jo ë 7% 


Notes: 1. All voltages referenced to Vss. 
2. CAS must remain at “ін a minimum of ta CL MIN after RAS switches to Уш. To achieve the minimum guaranteed access time 
(trac), CAS must switch to Vj, at or before tRCL (MAX) = tRAC -tCAG. Device operation is not guaranteed for tRCL>2 us. 
3. The tcrp specification is less restrictive than the {СВ | range which was specified in the 2108 preliminary data sheet. 
4. Load = 1 TTL and 50 pF. 
9. The minimum cycle timing does not allow for tT or skews. 
6. Referenced to CAS or WE, whichever occurs last. 
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Waveforms 
/ READ CYCLE 
t eve ——=“ 
«ВАЗ tap 
RAS = 1) o САР 
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М N“ 
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Я m ADORES А ADORESS 
| tacs | “ясн 
we 
Vu (24 
“ас- — ‘сон 
Уон (6) (3) VALID 
her y AA 
T (4) 


оте 
tas ng 





tas 


tonta Werte X 7 хр 


tawe = 
DM HO MEX 
y Син. 





~ ~ Хо | Ж 
"x No І! X 


Чит 


Notes 1,2. Мүн MIN and Vit МАХ are reference levels for measuring timing of input signals. 
3,4. Мон MIN and VoL МАХ are reference levels for measuring timing of DOUT- 
5. Dou T follows Diy when writing, with WE before CAS. 
6. Referenced to CAS or WE, whichever occurs last. 
"ys 7. tOFF is measured to Іоўт < ||| ді. 








A.C. Characteristics 
ТА = 0°C to 70°C, Уор = 12V +10%, Vcc = 5V 110%, Vgg = -5V +10%, Vss = OV, unless otherwise noted. 
READ-MODIFY-WRITE CYCLE | 





2108-2 2108-4 
Symbol Parameter Min. Max. Min. Max. Unit 
AM Cycle GAS With | 2 3000 | s 


tcaw RMW Cycle CAS Width 25 3000 350 
tARW RMW Cycle RAS Width 325 32000 500 32000 ns 


tAWH RMW Cycle RAS Hold Time | 250 ns 
tcwH RMW Cycle CAS Hold Time 300 ns 
tRWL Write Command to RAS Lead Time 


tcwL Write Command to CAS Lead Time 
twp Write Command Pulse Width 


e 
N 
сл 
© 
© 
pe 
Mm 


trcs Read Command Set-Up Time ns 
tMOD Modify Time 0 10 us 
tos Data-In Set-Up Time 


- 
N 
сл 
2 
un 


їонм Data-In Hold Time (RMW Сусіе) 


2 
n 


Waveforms 
READ MODIFY WRITE CYCLE " 





LASA ---- | | tasc = а-а tan у 
ВСР: Oe N 
ADDRESSES Vie (1) ADDRESS А А ADDRESS А 
2 | | | 
@ | | 





+ tos | 


Мн | | Av (ТУОАТАІМ M 
on v | | ANA X 








f 1 i 
on El jo (2) 
к | tcac 
OFF ^ 
HIGH | 
Bs Von (5) imbeDance (3) | VALID 


Notes: 1,2. ViHMIN and УМ) МАХ are reference levels for measuring timing of input signals. 
3,4. VOHMIN and VOLMA x are reference levels for measuring timing of DOUT- & 
5. tOFF is measured to lout = I Lol. | 
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P^fresh Cycle Waveforms 


.AS BEFORE RAS CYCLES. (64 CYCLE REFRESH) 
um | 
Va ASA @ 
FT / ХХХХХ 
a © 
“м/с Ме] / AAA AA 
ы 'ASR 
> Vin NO А / N 


| 
| 
ALL OTHER INPUTS: DON’T CARE | 


RAS ONLY CYCLES (128 CYCLE REFRESH) 


View 


'CRP 


View 


El 


Vit 


tan “= 


Ми 


m Беда 
АА, Ya O А“ AN 


Notes: 1,2. ViHMIN and VıLMAX are reference levels for measuring timing of input signals. 


3. CAS must be high or low as appropriate for the next cycle. 


Applications Information 
The 2108 may be refreshed in any of three modes: read 
cycles with RAS before CAS timing as shown on page 5, 
RAS only cycles (page 7), or CAS before RAS cycles (page 
7). In all three modes As must be held high for the $1572 
and S1627 or low for the S1573 and S1626. The row 
addressed by Ao through A; is refreshed. Therefore, 64 
cycles are required to refresh the stored data. 
The CAS-before-RAS mode is useful in the 2116 as a 
technique for increasing memory availability and minimiz- 
ing standby power dissipation by requiring only 64 refresh 
cycles every 2 ms. Systems employing the 2108 in a CAS- 
before-RAS refresh mode can be easily upgraded to the 
most efficient 16K RAM capability. 
Since the 2108 input pin Ав supplies two system addresses 
"Ne and A13) to the internal memory array, it is not possible 
/ simply tie this input high or low. The 2108 input As 
must be tied to the appropriate level only during row address 
strobe (RAS) and then used to supply the high order sys- 
tem address Ais during column address strobe (CAS). 
Control of Ae in a system may be implemented. as shown 
at right. In this circuit the output Ae of multiplexer M 


supplies the appropriate high or low level (determined by 
$1572, $1627, $1573, ог $1626) during RAS for both а 
memory cycle and refresh cycle. During CAS, system 
address А1з is multiplexed on Ae as shown. See the 2116 
section for additional applications information. 





s 
FOR $1572 OR S1627-7—^ 
FOR 51573 OR 51626. ;-.., 
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REFRESH ENABLE 





Power Supply Decoupling/ 
Distribution 


Power supply current waveforms for the 2108 are shown in 
Figure 3. The Vpp supply provides virtually all of the 
operating current for the 2108. The Vpp supply current, 
lpo. has two components: transient current peaks when the 
clocks change state and a DC component while the clocks are 
active (low). When selecting the decoupling capacitors for 
the Vpp supply, the characteristics of capacitors as well as 
the current waveform must be considered. Suppression of 
transient or pulse currents require capacitors with small 
physical size and low inherent inductance. Monolithic and 
other ceramic capacitors exhibit these desirable character- 
istics. When the current waveform indicates a DC compo- 
nent, bulk capacity must be located near the current load to 
supply the load power. Inductive effects of PC board traces 
and bus bars preclude supplying the DC component from 
bulk capacitors at the periphery of a memory matrix without 
voltage droop during the active portion of a memory cycle. 
This means that some bulk capacity in the form of electro- 
lytic or large ceramic capacitors should be distributed around 
or within the memory matrix. 


The Vas supply current, Івв, has high transient current 
peaks, with essentially no DC component (less than 400 
microamperes). The Увв capacitors should be selected for 
transient suppression characteristics. The following ca- 
pacitance values and locations are recommended for the 
2108: 


1. A 0.33 uF ceramic capacitor between Vpp and Vss 
(ground) at every other device. 


2. А0.1 ДЕ ceramic capacitor between Мвв and Vss at every 
other device (preferably alternate devices to the VDD 
decoupling above). 


3. A 47 yF electrolytic capacitor between Vpp and Vss for 
each eight devices and located adjacent to the devices. 


The Vcc supply is connected only to the 2108 output buffer 
and is not used internally. The load current from the Vcc 
supply is dependent only upon the output loading and is 
usually only the input high level current to a TTL gate and 
the output leakage currents of any OR-tied 2108 (typically 
100 дА or less total). Intel recommends that a 0.1 or 0.01 uF 
ceramic capacitor be connected between Vcc and Vss for 
every eight devices to preclude coupled noise from 
affecting the TTL devices in the system. 


Intel recommends a power supply distribution system such 
that each power supply is grided both horizontally and 
vertically at each memory device. This technique minimizes 
the power distribution system impedance and enhances the 
effect of the decoupling capacitors. 





Ki 
$ 
E ў 
се 3 2 4 





Output Data Latch 





The 2108 contains an output data latch eliminating the б 
for an external system data latch and the timing circt | 
required to strobe ап external latch. The output latch 

operates identically to the 16-pin 4K RAM (intel 2104) 

output latch enhancing the system compatibility of the 16K 

and 4K devices. 


Operation of the output latch is controlled by CAS. The data 
output will go to the high-impedance state immediately 
following the CAS leading edge during each data cycle and 
will either go to valid data at access time on selected devices 
(devices receiving both RAS and CAS) or will remain in the 
high impedance state on unselected devices (devices 
receiving only CAS). During RAS-only refresh cycles, the 
data output remains in the state it was priorto the RAS-only 
cycle. This unique feature of latched output RAMs allows a 
refresh cycle to be hidden among data cycles without 
impacting data availability. For instance, a RAS-only 
refresh cycle could follow each data cycle in a 
microprocessor system but the accessed data would 
remain at the device output and the microprocessor could 
take the data at any time within the cycle. Non-latched 
output devices do not provide this type of hidden refresh 
capability since their data output would go to the high 
impedance state at the end of the data cycle. 


Page Mode Operation 


The 2108 is designed for page mode operation and is 
presently being characterized for that mode. Specifications 
will be available at a later date. 


Packaging Information 
16-LEAD HERMETIC DUAL IN-LINE PACKAGE 


.820 (20.820) 
780 (19.812) 
PIN 1 MARK 
| PIN | 
ж HT = P 3 
Ж 
2 
22 р е 





INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, CA 95051 (408) 246-7501 


Printed in U.S.A.-C124-0477-2K-CI-BL 


1. 


2. 


ERRATA FOR IFM REV. 6 
ECN 77-0038 


The following modification must be made to the IFM Rev. 6 if it is to be 
used with dynamic memory boards. This change ensures that for DMA 
operations from memory, the IFM provides stable addresses before 
initiating a memory read cycle. All changes are on the solder (bottom) 
side of the board. Refer to Figure 1 and: 


(a) Cut the trace between C12 pin 8 and C11 pin 10. Remove at 
least 1/16 inch of the trace. 


(b) Make a "solder bridge" between B1 pins 3 and 4. 
(c) Make a "solder bridge" between B1 pins 5 and 6. 
(d) Connect a wire from C11 pin 2 to B1 pin 1. 
(e) Connect a wire from A9 pin 24 to B1 pin 2. 


(f) Connect a wire from B2 pin 10 to B1 pin 6 (and 5). 


Correct the IFM Rev. 6 schematic as shown in Figure 2. 
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FIGURE 2 


MODIFICATION TO IFM REV. 6 
FOR DYNAMIC RAM OPERATION 


1. 


2. 


3. 


4. 


5. 


ERRATA FOR CPA REV. 4 AND EARLIER 
ECN 77-0039 


The following modification must be made to the CPA Rev. 4 or earlier 
Rev.'s if it is to be used with the RAM-16, КАМ-32 or RAM-65 memory 
boards. This change makes the signal on backplane line 71 (RUN) agree 
with the bus definition. The change does not affect the CPA's 
compatability with other IMSAI products. 


Refer to Figure 1 and make the following cut on the component side of 
the board. 


(a) Cut the trace extending down from U24 pin 9. 


Refer to Figure 2 and make the following cuts on the soider side of the 
board. | 


— 


(a) Cut the trace from U24 pin 10 between this pin and feed through 
A. 


(b) Cut the trace from feed through B near the spare IC location. 

(c) Remove the entire pad of the feed through connected to edge 
connector pin 71. 

Refer to Figure 2 and install the following jumpers on the solder side of 

the board. 

(a) From U22 pin 5 to U24 pin 10. 

(b) From edge connector pin 71 to U24 pin 9. 


(c) From feed through A to feed through B. 


Correct the schematic as shown in Figure 3. 
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FIGURE 3 


MODIFICATION TO CPA REV. 4 & EARLIER 
ECN 77—0039 
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